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* NOTICES * 

JPO and INPXT are not responsible for any 
damages caused by the use of this translation,, 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. Objective Location and Objective Variation Rate in Flat Surface Parallel to XY Flat Surface of 
XYZ System of Coordinates by Interferometer Systems for Measuring by X and Y Measurement 
Mirror Which Have been Arranged to Holder of the Body Two or more measurement beams are 
generated and are parallel to this XY flat surface in the above-mentioned measurement beam. To 
these measurement mirrors And the means for turning in accordance with two or more measurement 
shafts extended from them, It has a radiation sensitivity detector for changing into an electrical 
measurement signal the measurement beam which these measurement mirrors reflected in the list. In 
a system equal to the number of movements of the body which the number of X and Y measurement 
shafts should measure in interferometer at least It is also made to be measured by the Z measurement 
mirror which has arranged Z location of this body acutely at XY flat surface at the holder top of this 
body. For this reason, the signal which includes the information on the circumference of Z location 
of this body for the Z measurement beam from the means and this Z measurement mirror for these 
interferometer systems having a Z measurement shaft, and generating a Z measurement beam, and 
turning the above-mentioned measurement beam on this Z measurement mirror 

The system characterized by having Z detector for it being alike and changing. 

2. System characterized by arranging above-mentioned Z measurement mirror at include angle of 45 
degrees substantially at above-mentioned XY flat surface on above-mentioned holder of above- 
mentioned body in interferometer systems charged by claim I . 

3. System characterized by constituting above-mentioned Z measurement mirror by ramp of X or Y 
measurement mirror in interferometer systems charged by claim 1 or claim 2. 

4. the inclined bar arranged in the interferometer systems charged by claim 1 or claim 2 on the side 
face of the above-mentioned body holder with which X or Y measurement mirror has also arranged 
the above-mentioned Z measurement mirror constitutes, and the above-mentioned bar covers few 7 
parts of the above-mentioned side face — a Z direction — and the system characterized by to cover 
this whole side face and to extend perpendicularly in it 

5. System characterized by arranging above-mentioned Z measurement mirror into part far from 
above-mentioned body of above-mentioned body holder in interferometer systems charged by claim 
4. 

6. System characterized by constituting by X or Y measurement mirror which has arranged criteria 
mirror for criteria beams relevant to above-mentioned Z measurement beam in interferometer 
systems charged by claim 3, claim 4, or claim 5 on above-mentioned side face of above-mentioned 
body holder which above-mentioned Z measurement mirror has also arranged, 

7. System characterized by reflecting in above-mentioned Z measurement mirror since above- 
mentioned Z measurement beam which path of above-mentioned Z measurement beam is reflected 
by above-mentioned measurement mirror with the reflector including retroreflector, and is turned to 
direction of above-mentioned detector in any of claim I thru/or claim 6 or interferometer systems 
charged by one is reflected further. 

8. any of claim 1 thru/or claim 7, or the interferometer systems charged by one ~ setting — a Z 
measurement shaft — in addition, the system characterized by including at least five further 
measurement shafts. 

9. System characterized by having measurement shaft which two measurement beams of different 
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wavelength meet and spread in any of claim 1 thnL y or claim 8, or interferometer systems charged by- 
one. 

10. It is Projection Equipment for Repeating and Projecting Mask Pattern on Substrate, The lighting 
unit for supplying a projection beam, a mask table equipped with a mask holder, A substrate table 
equipped with a substrate holder, the projection system arranged for the path of this projection beam, 
And it sets to the equipment containing the optical measurement system for measuring the location 
and direction of this substrate. Equipment which this optical measurement system is any of claim 1 
thru/or claim 9, or the interferometer systems charged by one, and is characterized by the above- 
mentioned body and a body holder being this substrate and this substrate holder, respectively there, 

11. It is equipment characterized by arranging the components of the above-mentioned 
interferometer svstems on a rigid frame, also fixing the above-mentioned projection system to it 
firmly as well as the above-mentioned Z reflector except for the above-mentioned measurement 
mirror in the projection equipment charged by claim 10, insulating from other components of this 
equipment dynamically, and carrying out the suspension of that frame, 

12. Equipment characterized by arranging the criteria mirror for criteria beams relevant to X and Y 
measurement beam on the holder of the above-mentioned projection system in the projection 
equipment charged by claim 10 or claim 1 1. 

13. Equipment which the above-mentioned optical-measurement system is any of claim 1 thru/or 
claim 9, or the interferometer systems charged by one in the equipment which contains the optical- 
measurement system for measuring the location and direction of the above-mentioned substrate with 
the projection equipment charged by claim 10, claim 1 1, or claim 12, and is characterized by for the 
above-mentioned body and a body holder to be the above-mentioned substrate and the above- 
mentioned substrate holder, respecti vely there, 

[Translation done.] 
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[Detailed Description of the Invention] 

Lithography equipment containing interferometer systems and such a system This invention The 
objective location and objective variation rate in a flat surface parallel to XY flat surface of XYZ 
system of coordinates by the interferometer systems for measuring by X and Y measurement mirror 
which have been arranged to the holder of the bodv Two or more measurement beams are generated 
and -arc parallel to this X Y flat surface in the above-mentioned measurement beam. To these 
measurement mirrors And the means for turning in accordance with two or more measurement shafts 
extended from them, It has a radiation sensitivity detector for changing into an electrical 
measurement signal the measurement beam which these measurement mirrors reflected in the list, 
and is related with a system equal to the number of movements of the body which the number of X 
and Y measurement shafts should measure in interferometer at least. 

This invention relates also to the lithography projection equipment containing such interferometer 
systems, A stepper or a step, and a scanner are sufficient as this equipment. 

The measurement shaft of these interferometer svstems is understood to be what means the shaft 
which measures the location of the variation rate in the direction (X or Y) in which the point that the 
body was given was given. This measurement shaft does not need to be in agreement with the chief 
ray of the measurement beam used for this measurement, if — a measurement beam ~ this system — 
letting it pass — 2 times delivery and this body — **** ~ if it reflects twice at the same point, this 
measurement shaft is located between the chief ray of the measurement beam in the 1st path, and the 
chief ray of this beam in the 2nd path. 

EP-A0498499 is indicating the example of such interferometer systems and the optical lithography 
projection equipment which carries out imaee formation of the contraction image of a mask pattern, 
for example, the pattern of an integrated circuit (IC), repeatedly including such a system on a 
substrate equipped with a radiation induction layer. Between two continuous images of the mask 
pattern on the same substrate, this substrate and mask are related mutually, for example, it moves in 
X or the direction of Y of XYZ system of coordinates, and, on the other hand, this substrate side and 
a mask side are parallel to XY flat surface. 

This projection equipment is used combining masking and a diffusion technique, in order to 
manufacture an integrated circuit. By this approach, image formation of the 1st mask pattern is 
carried out to IC field of a substrate 100 times in large numbers. Next, that a request of this substrate 
is physical and/or in order to hang on a chemical preparation process, it removes from this projection 
equipment, in order [ then, ] to make the image of the 2nd mask pattern to IC field to which these 
substrates differ — this substrate — the same — or ** ? such as arranging to another similar projection 
equipment. Then, the image of a mask pattern must be arranged very correctly about the substrate 
field. 

For this reason, the projection equipment which carries out current use is :-. Movement of movement 
of a substrate table, i.e., a substrate holder, and a substrate is flattery correctly. Interferometer 
systems for substrate tables which come and can determine the location of a substrate correctly; 

- Alignment which can align a mask about a substrate and cooperates with these interferometer 
systems closely System; 

- It is ****** about the image of the mask pattern made to IC field of a substrate being always sharp. 
********** error detection system; it is - to a list. This focus error detection system, the substrate in 
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which combination is possible, and mask pattern It falls for detecting **** of an image which 
receives mutually, and is a detection system, Le, ? a focus. And the detection system in a level 
detection system is included. 

Well-known compound interferometer systems rmy have three measurement shafts, and, thereby, 
can measure rotation phiz of the substrate of the circumference of the Z-axis which is an optical axi s 
of this projection system, in the movement list of the direction of X of a substrate, and the direction 
of Y, The spatial description of the interferometer systems by EP-A0498499 is it having five 
measurement shafts, the circumference of the X-axis falling on the displacement list in alignment 
with the X-axis and the Y-axis of a substrate it not only being able to measuring rotation of the 
circumference of the Z-axis very correctly, but* and the circumference of phi x and a Y-axis felling, 
and also being able to measure phiy. When using these interferometer systems, each field of a 
substrate can be arranged very correctly, without needing the separate alignment for every field 
about a mask pattern. Therefore, time amount required in order to illuminate a substrate can be 
shortened considerably. 

With the optical lithography projection equipment henceforth called photolithography equipment, 

G f a projection system must be in agreement with a substrate front face, namely, the relation by 
which it was given among them of Z location of the image surface and the front face of a substrate 
holder should exist. With the photolithography equipment which a substrate table is always arranged 
under a projection lens system, and is operated covering the distance which is the order of a substrate 
dimension at the maximum and which carries out current use, this relation is controlled by the 
above-mentioned focus and the level detection system, and that element is arranged on the 
measurement frame of the form of the plate firmly combined with this projection system. If the 
above-mentioned detection system and they use the servo system which forms a part, it is related 
mutually and on the whole, it not onlv can arrange a substrate and a mask pattern, but can arrange 
them sufficiently correctly for every field. With the photolithography projection equipment of the 
new generation who is doing current development, in order not to change if it does not change if IC 
which has many components using it is not manufactured, namely, image formation is not carried 
out to the further detail substrate tield by it, and then to move a substrate table covering a larger 
distance than a substrate dimension, a new problem appears. It is one side, and there is a problem of 
the need for further much more exact alignment, and there is a problem that the above-mentioned 
relation cannot control by the above-mentioned approach any longer, on the other hand, Therefore, 
another mode which measures the distance of the Z direction between the substrate holders called a 
projection system and a chuck is required. 

The purpose of this invention is the purpose where it can do, and it divides, and desired measurement 
is mutually related and aligns a substrate and a mask pattern, and is a thing of the variation rate of a 
substrate for which very exact and the interferometer systems certainly made measurable are offered 
within photolithography equipment. These interferometer systems are also measured by the Z 
measurement mirror which has arranged Z location of this body acutely at XY flat surface at the 
holder top of this body. For this reason, the means for these interferometer systems having a Z 
measurement shaft, and generating a Z measurement beam, and turning the above-mentioned 
measurement beam on this Z measurement mirror, And it is characterized by having Z detector for 
changing the Z measurement beam from this Z measurement mirror into a signal including the 
information on the circumference of Z location of this bodv. 

For the exact and positive interferometric measurement of X and the direction of Y, this invention 
Although it must compensate taking the variation rate of the substrate of a Z direction into 
consideration, a Z measurement beam is emitted for well-known interferometer systems in parallel 
with XY fiat surface from the radiation source to a Z measurement mirror. It is made to reflect in a 
reflective criteria element by the Z measurement mirror, and it is based on recognition that these Z 
variation rates can be measured, by the easy approach of extending an application so that Z location 
of a substrate may be measured about a reflective criteria element, 

It deforms into X which can perform desired Z location measurement by XY interferometer systems 
of expandability, or Y location measurement by using a Z measurement mirror. When it becomes so, 
there are already no Z location measurement and need of falling and arranging another optical failure 
detection system under a projection lens system for location measurement for a substrate, this Z 
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location ~ and it falls and a location can be measured also by for example, the capacity type or the 
induction type sensor, However, in fact, it can realize, and all the two-dimensional front faces of the 
body which must measure a location should be, or should follow the requirements for smoothness 
with difficult implementation. When using interferometer systems equipped with a Z measurement 
shaft, as for a Z measurement mirror, on the other hand, this measurement mirror should just have 
the width of face of the order of the cross section of the Z measurement beam in the location of this 
measurement mirror in this direction and the direction of a ri ght angle that there should be only order 
of the distance by which a body holder crosses in that direction and a certain lay length moves to it. 
Then, it is enough, if the mirror of a strip form is used so that the requirements for smoothness can 
be satisfied easily. 

It should note that the compound interferometer systems for measuring X of a substrate table, Y, and 
Z location are indicated by the English epitome of Japan patent public presentation offici al report 
H04-1791 15, The measurement mirror is arranged on the side face of the substrate table instead of 
the substrate holder which are some substrate tables, These measurement mirrors are made with four 
elements which have a reflexible side face and a reflexible inferior surface of tongue respectively, 
these inferior surfaces of tongue are used for Z location measurement, and a side face is used for X 
and Y location measurement Including four conventional Michel son interferometers, a well-known 
system uses the 1st thing for measurement of only X location, uses the 2nd for measurement of only 
Y location, and uses other two for measurement of only Z location. Since these Z interferometers 
need an excessive tooth space, they are arranged under a substrate table. In a well-known system, not 
Z location of the substrate holder about Z reflector arranged on the body which must measure Z 
location of the substrate holder about it but Z location of a substrate table is measured about Z 
interferometer. 

The interferometer systems by this invention are notably applicable, although it will not be at an 
exclusion target supposing it becomes and performs measurement of a substrate location the lighting 
of the substrate through a mask pattern, and at the moment of differing. Measurement of Z location 
which is reproducible in especially that case is very important. Although photolithography 
equipment equipped with a single substrate table may perform the measurement and lighting of a 
substrate in the moment of differing, they are an approach suitable for especially the 
photolithography equipment that equips a lighting station and another alignment station, and a list 
with two substrate tables. Illuminating all IC fields of the 1st substrate during use of this equipment, 
and on the 1st substrate holder with a mask pattern at a lighting station, on the other hand, the 
alignment mark of the 2nd substrate aligns about the alignment mark prepared on the 2nd substrate 
table at the alignment station, After illuminating the 1st substrate completely, this substrate table is 
removed from a lighting station, the 1st substrate is removed from this substrate table after that, the 
3rd substrate is formed on the 1st substrate table, and this substrate is continuously aligned about the 
1st substrate table at an alignment station, The 2nd substrate table is moved to a lighting station, the 
alignment mark of this table is aligned about a mask mark in the meantime, a substrate mark also 
aligns about a mask mark, and it enables it to illuminate the 2nd substrate during alignment of the 
3rd substrate about the 1st substrate table, That is, the great portion of alignment procedure is 
performed in the exterior of a lighting station, this station makes max the period suitable for actual 
lighting or projection, and the number of substrates per [ which can illuminate this equipment ] unit 
time amount is made into max. Tills point serves as an important side face in the photolithography 
manufacturing method of IC. 

The suitable example of the interferometer systems by this invention is further characterized by 
arranging a Z measurement mirror at the include angle of 45 degrees substantially at XY flat surface 
on an objective holder, 

Since the same path will be followed when a Z measurement beam reflects from a reflector toward Z 
reflector if the criteria mirror is parallel to XY flat surface, a Z measurement mirror can be made into 
the minimum width of face, 

The example of the interferometer systems by this invention is still better also considering 
constituting a Z measurement mirror by the ramp of X or Y measurement mirror as a description. 
It sees to a Z direction, the side face of a body holder of being suitable for this purpose is divided 
into a ramp with an include angle of 45 degrees as preferably as a bay and this bay, and both parts 
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are used as a mirror. 

However, the suitable example of these interferometer systems is characterized by covering this 
whole side face in a Z direction, and spreading perpendicularly in it only by the inclined bar which 
prepared the Z measurement mirror on the side face of the body holder which X or Y measurement 
mirror has also arranged constituting, and the above-mentioned bar covering few parts of the above- 
mentioned side face. 

Probably, the distance to which 70mm order was given exists between the end of this reflector, and 
the shaft of a projection lens with photolithography equipment, for example, since this criteria 
reflector is not arranged to a projection lens holder, In order for the measurement beam which the Z 
measurement mirror reflected to be able to arrive also at the pole end position of a substrate holder at 
Z reflector, the distance in the location between the shaft of a projection lens and the core of a Z 
measurement mirror must be equal to the minimum above-mentioned distance. This means that a 
substrate holder must be expanded for Z measurement. Since given height must have this holder, and 
since X or Y measurement mirror must also be prepared on the side face in which a Z measurement 
mirror is prepared, as for the increment in the dimension of the substrate holder for a Z measurement 
mirror, that weight is pulled up considerably. By preparing a Z measurement mirror at a substrate 
holder on the thin bar which carried out fixed association, the weight of this holder is considerably 
mitigable, 

As for a Z measurement mirror, it is desirable to arrange to a side far from this body of a body 
holder. 

Risk of the error of ABBE happening can be eased by placing X or Y measurement mirror for a Z 
measurement mirror on it in the holder bottom. Furthermore, the maximum tooth space between the 
maximum part of the side face in which a substrate holder is related and a Z measurement mirror, 
and a projection system can be used for other measurement. 

In these interferometer systems, another criteria mirror may be prepared in the criteria beams 
relevant to a Z measurement beam. Then, Z detector which receives this Z measurement beam and Z 
criteria beam will offer the information about X location, or the signal mixed with the information 
about Y location, supposing the information about Z location arranges a Z measurement mirror on 
the same side face as X measurement mirror of a body holder, and it arranges a Z measurement 
mirror on the same side face as Y measurement mirror. Then, this signal must be combined with X 
location or Y position signal, in order still to have to carry 7 out electronic differential by X position 
signal or Y position signal to this signal, namely, to obtain pure Z location. 

However, as for these interferometer systems, it is desirable that it is characterized by constituting by 
X or Y measurement mirror which has arranged the criteria mirror for criteria beams relevant to a Z 
measurement beam further on the side face of the body holder which the Z measurement mirror has 
also arranged. 

Then s optical differential is performed and the output signal of this Z detector includes pure Z 
positional information. Then, it is not necessary to perform electronic differential, Optical 
differential has the advantage that one is not dependent on the processing speed of an electronic 
circuitry any longer, 

The criteria beam relevant to a measurement beam in a beam splitter is combined with it after they 
are reflected in Z measurement shafts by the measurement mirror and the criteria mirror, 
respectively, and it must be made in agreement [ the radiation spot which these beams make at the 
flat surface of Z detector ] with satisfaction as much as possible. Then, the signal which this detector 
offers has the greatest amplitude. However, since [ that the measurement mirror relevant to these 
beams is unnecessary ] it falls, these radiation spots may be offset about a detector and may change 
the direction of these beams. This phenomenon is known as beam walk-off Since, as for Z reflective 
component, a Z measurement mirror reflects a Z measurement beam, of course, the beam walk-off 
over a Z measurement beam is larger than it to Z criteria beam. 

Supposing it uses the above-mentioned optical differentiation (i.e., if Z criteria beam is sent to X or 
Y measurement mirror), beam walk-off can be decreased. Actuality, then beam walk-off reach in the 
same direction to both beams. Then, the optical differentiation brings about the 2nd advantage. 
Since the Z measurement beam with which it is reflected in the path of a Z measurement beam by 
the measurement mirror with that reflector including retroreflector, and these interferometer systems 
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are further turned to the direction of a detector in order to reduce beam walk-off further is reflected 
further, it is desirable that it is characterized by being reflected in a Z measurement mirror. 
For this excessive reflection of the Z measurement beam in a measurement mirror, the direction of 
origin of this measurement beam is maintained regardless of **** m which the mirror of the path of 
this beam is possible, 

Therefore, X of these interferometer systems and the number of Y measurement shafts may change 
to the application of this system. However, it is desirable that this system is further characterized by 
including at least five further measurement shafts in addition to a Z measurement shaft. 
In this system, the advantage of the maximum accuracy of measurement of X and the direction of Y 
is combined with it of speck! measurement capacity, i.e., Z measurement. 

In order to make this interferometer measurement unrelated to fluctuation of the refractive index of 
the medium which a measurement beam spreads, these interferometer systems are good also 
considering having the measurement shaft which two measurement beams of different wavelength 
meet further, and is spread as a description. 

Since the same distance is measured with two beams from which wavelength differs and it depends 
for the refractive index of a medium on wavelength, possible refractive-index fluctuation can be 
measured and the measurement result of interferometer systems can be compensated by it. Another 
reference measurement shaft is sufficient as the above-mentioned measurement shaft, and it may 
consist of one of the measurement shafts of other. 

This invention is projection equipment for repeating and projecting a mask pattern on a substrate, 
and relates also toVe equipment containing the optical measurement system for measuring the 
location and direction of the lighting unit for supplying a projection beam, a mask table equipped 
with a mask holder, a substrate table equipped with a substrate holder, the projection system 
arranged for the path of this projection beam, and this substrate, Optica! measurement systems are 
the interferometer systems explained previously, and this projection equipment is characterized by a 
body and a body holder being this substrate and this substrate holder, respectively there. 
The precision of this equipment improves considerably, when this equipment is especially equipped 
with two substrate tables for the purpose described above by using interferometer systems for 
projection equipment. 

As for this projection equipment it is desirable that it is characterized by arranging the components 
of interferometer systems on a rigid frame, also fixing a projection system to it firmly as well as Z 
reflector except for a measurement mirror further, insulating from other components of this 
equipment dynamically, and carrying out the suspension of that frame. 

This measurement contributes considerably, in order to realize the desired accuracy of measurement. 
An interferometer unit is shortly combined firmly without the disturbance to a projection system. 
There is no vibration, and since suspension is carried out to this equipment, the location of the 
interferometer unit which exists in it is not influenced any longer by external force like the driving 
force of a substrate table and a mask table, so that the above-mentioned frame called a measurement 
frame may be insulated dynamically. Z reflector is a reflector fixed to the projection system, and 
reflects the Z measurement beam from a Z measurement mirror in this mirror. 
This projection equipment is still better also considering arranging the criteria mirror for criteria 
beams relevant to X and Y measurement beam on the holder of this projection system as a 
description. 

then, X and Y location of a substrate are also obtained, and it does not come out about an 
interferometer component, and measures about a projection system. Then, it has only such slight 
effect that the deformation in which a measurement frame is possible can ignore to location 
measurement. 

This projection equipment is the interferometer systems which could also contain the optical 
measurement system for measuring the location and direction of a mask further, and this optical 
measurement system explained previouslv there, and a body and its body holder are good also 
considering being a substrate and a substrate holder as a description respectively there, 
With such equipment, a mask can also be arranged very correctly. 

These of this invention and other side faces are clear from the example explained below, and if they 
are referred to, they will become clear. 
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In drawing: Drawing 1 shows the example of the photolithography equipment for repeating and 
carrying out image formation of the mask pattern on a substrate in graph.; 

Drawing 2 shows well-known interferometer systems equipped with three measurement shafts for 
using it for this equipment; 

Drawjng. _3 shows the principle of 1 shaft interferometer systems.; 

Drawing 4 is the perspective drawing of well-known interferometer systems equipped w 7 ith five 
measurement shafts.; 

Drawings shows the example of the lithography equipment which performs Z measurement.; 
Dra wing 6 and drawing 7 show the 1st and 2nd examples of the lithography equipment which 
performs two Z measurement. 

Drawing 8 shows the example oi lithography equipment equipped with the Z measurement mirror 
[ adaptation / mirror ].; 

Dra wing . 9 shows a substrate holder equipped with three Z measurement mirrors and three Z 
measurement shafts.; 

Drawing 10 shows a part for part I of the 1st example of an interferometer unit equipped with a Z 
measurement shaft.; 

Drawing 1 1 shows the 2nd example of such an interferometer unit.; 

Drawing 12 shows a part for part II of the interferometer unit drawing 10 indicates a part for part I to 
be.; 

Drawing 1 3 shows the reflector system used for this unit.: 

Drawing 14 shows the location where the measurement beam and measurement shaft of an 
interferometer unit are equivalent to the measurement mirror arranged on a substrate holder,; 
Drawing 15 shows the further example of an interferometer unit equipped with two Z measurement 
shafts.; 

Drawing 16 shows lithography equipment equipped with a measurement frame and an actuator 

frame. ; 

Dra wing 17 shows lithography equipment equipped with two substrate holders and one another 
alignment station.; 

Drawing 18 is a general view of interferometric measurement which is the alignment station of this 
equipment and is performed about a substrate at a lighting station.; 

Drawing 1 9 shows the interferometric measurement performed about a mask with a step and a 
scanner; 

It reaches. Drawing 20 shows the actuation which two substrate holders perform with the equipment 
of dr awing 17 . 

Drawing 1 shows the optical element of the example of the photolithography equipment for 
repeating and carrying out image formation of the mask pattern on a substrate in graph. The main 
parts of this equipment are projection columns which hold projection lens system PL. The mask 
holder MH for Masks MA which has in inside the mask pattern C which should be carried out image 
formation is arranged on this system. This mask holder exists in the mask table MT. The substrate 
table WT is arranged under this projection lens system PL. This table holds the substrate holder WH 
for substrate W, and that substrate must be equipped with a sensitization layer and must carry out 
image formation of this mask pattern to a different IC field Wd for every time on it many times. 
After this substrate table carries out image formation of the mask pattern to a certain IC field, it is 
movable in X and the direction of Y so that the next IC field can be arranged under this mask 
pattern. 

This equipment has a lighting system containing the radiation source LA, for example, fluoridation 
krypton excimer laser, or a mercury-vapor lamp, lens system LS, Reflector RE, and a condensing 
lens CO further. The projection beam PB which this lighting system supplies illuminates a mask 
pattern C. Image formation of this pattern is carried out to IC field of Substrate W by projection lens 
system PL. This lighting system may be carried out as instead indicated by EP-A0658810. As for 
this projection lens system, a scale factor has with M = a diameter [ 1/4, numerical-aperture NA-0.6, 
and the diameter of 22mm ] diffraction marginal ****. 

This equipment contains the focus error detection system for measuring the deflection between the 
focal plane of projection lens system PL or an image formation side, and the front face of the 
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sensitization layer on Substrate W in the interferometer systems for measuring a direction in the 
system for aligning about Substrate W in further two or more gaging systems MA, i.e., a mask, at 
XY flat surface, a substrate holder, therefore X and Y location list of a substrate, and a list. These 
gaging systems are some servo systems which contain a driver or an actuator in electronic signal 
processing and a control circuit list, and can be amended about the signal by which these gaging 
systems supply a focus to the location and direction list of a substrate by it. 

Two alignment marks Ml and M2 in the mask MA shown in the upper right corner of drawing 1 are 
used for this alignment system. Although consisting of a diffraction grating is desirable as for these 
marks instead, they may be made from other marks like the optically different square or optically 
different strip from those perimeters, As for these alignment marks, it is desirable that it is two- 
dimensional, namely, they spread in X and the direction of Y in a perpendicular direction and 
drawing 1 in mutual [ two ]. Substrate W has at least two alignment marks, and they are also two- 
dimensional diffraction gratings — desirable — those ~ two PI and P2 are shown in drawing 1 . The 
outside of the field of the substrate W which must make the image of Pattern C has marks PI and P2, 
As for the grid marks PI and P2, it is desirable that it is a phase grating, and it is \ a grid Ml and M2 
mark ] desirable that it is an amplitude grating. 

Drawing 1 shows the double alignment system which uses the special example b of an alignment 
system, i.e., two alignment beams, and h\ respectively in order to align the substrate alignment mark 
PI on the mask alignment mark M2 on the mask alignment mark Ml in the substrate alignment mark 
P2. Beam b is reflected in the reflector 27 of prism 26 by the reflective component 30, for example, a 
mirror, A field 27 reflects this beam b in the substrate alignment mark P2, and makes the image of a 
mark P2 delivery and there to the mask alignment mark M2 to which it relates as a beam bl in a part 
of radiation, The reflective component 11, for example, prism, is arranged after a mark M2, and the 
prism turns to the direction of the radiation induction detector 13 the radiation which the mark M2 
let pass. A mirror 3 1 reflects 2nd alignment beam b' in the reflector 29 in projection lens system PL. 
Beam b' is turned to the 2nd reflector 28 of prism 26, and, as for a reflector 29, through and its field 
turn beam b* to the substrate alignment mark PL It reflects in the mask alignment mark ML using a 
part of radiation of beam b' as bL, and this mark makes the image of a mark PI there. Reflector 1 1' 
turns to the direction of radiation induction detector I3 f the radiation which passes the mark Ml of a 
beam bi. The operation of this double alignment system is indicated by U.S, Pat, No, 4,778,275, and 
refer to it for the further detail of this system. 

The example of the alignment system by d rawi ng 1 is suitable for especially wavelength with the 
short projection beam PB, for example, the equipment which designed projection lens system PL so 
that it might have 248nm 5 to an alignment beam being quite long wave length, for example, 633nm. 
This system has actually incorporated, a lens 25, i.e., a correcting lens, special in a projection 
column. It guarantees that this lens carries out image formation of the substrate alignment mark for a 
scale factor exact in spite of the fact that this projection lens system is not optimized by the 
wavelength of an alignment beam in the flat surface of a mask alignment mark. This correcting lens 
is arranged in the height which can disregard the effect which it has on the image of the mask pattern 
C with which it fully dissociated at the flat surface of a correcting lens, and this correcting lens made 
the subbeam of the order of diffraction from which an alignment beam differs which is one side and 
is produced by the substrate alignment mark from a projection beam and it on the other hand in the 
projection column so that these subbeams could influence separately. As for a correcting lens 25, it is 
desirable to arrange at the fourier flat surface of a projection lens system. If the chief ray of the 
alignment beams b and bl arranges a correcting lens at the flat surface which crosses mutually as 
shown in drawing 1 , this correcting lens can be used in order to amend two alignment beams. Refer 
to U.S, Pat. No. 5,100,237 for the purpose of a correcting lens 25, and the further detail about an 
operation. 

It is desirable to approach and to arrange a wedge or other deviation components, for example, a 
diffraction component, to an alignment mark, in the path of an alignment beam. Such a deviation 
component (not shown in drawing 1 ) 

It may come out and the alignment error which a detector 13 or 13' caught and which is produced 
from the unprepared phase contrast in the selected alignment beam part may be prevented, that phase 
contrast may not have the symmetry axis of the alignment beam part which comes from a substrate 
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alignment mark perpendicular to this mask plate, then false reflection may take place within this 
plate. The alignment system equipped with such a deviation component is indicated bv U.S. Pat, No. 
5,481,362, 

In addition to the overall alignment marks PI and P2 which use the whole substrate in order to align 
about a mask, and call it overall alignment and which are shown in drawing 1 ? for every further 
alignment mark, for example, IC field, a substrate may be equipped with one mark and may align the 
field related about the mask pattern of each IC field. This mask may have three or more alignment 
marks, and they may be used for it in order to measure rotation of the mask of for example, the 
circumference of the Z~axis for these further marks and for it to amend. 

This projection equipment may enable it to amend this deflection further including the focus error 
detection system for determining the deflection between the focal plane of projection lens system 
PL, and the front face of the sensitization layer on Substrate W by controlling the height for 
example, on the front face of a substrate by Z actuator in a substrate table, The components 40, 41, 
42, 43, 44, 45, and 46 which have arranged to the holder (not shown) fixed to the projection lens 
system, or have been arranged in the measurement frame bv which the projection lens system is 
arranged too in inside may constitute this focus error detection system. A component 40 is a diode 
laser which takes out a radiation source b3, for example, a focus beam. This beam is turned on a 
substrate at a very small include angle with a reflecting prism 42. The beam reflected on this front 
face is turned to the direction of retroreflector 44 with prism 43. This component 44 reflects beam 
itself so that this beam (b3 f ) may follow the same path once again through reflection of prism 43, a 
substrate front face, and prism 42. This beam b3' reaches the radiation induction detection system 46 
through the partial reflection component 41 and the reflective component 45. 
This system contains for example, a location dependence detector or two separate detectors. The 
focal plane of a projection lens system depends for the location of the radiation spot which the beam 
of this system makes on extent which is in agreement with the front face of Substrate W. U.S. Pat. 
No. 4,356,392 is referred to about wide range explanation of this focus error detection system. 
In order to measure correctly X and Y location of the substrate table WT, well-known projection 
equipment contains multiaxial interferometer systems. U.S. Pat, No. 4,251,160 indicated the biaxial 
system, and U.S. Pat, No, 4,737,283 has indicated 3 shaft system. Components 50, 51, 52, and 53 
express such interferometer systems to drawing 1 in graph, and this drawing shows only one 
measurement shaft and the X-axis. A radiation source 50 b4, for example, the beam which laser 
takes out, is divided into the measurement beams b4 and m and the criteria beams b4 and r by the 
beam splitter 51. A measurement beam reaches the reflective side face 54 of the substrate holder 
WH, and is combined by the criteria beam and beam splitter which reflected the measurement beam 
reflected according to this side face with the fixed reflector 52, for example, a "corner cube" 
reflector. The reinforcement of this combined beam can be measured with a detector 53, the 
variation rate of the direction of X can be obtained from the output signal of this detector in this case 
of the substrate holder WH, and the moment location of this holder can also be established. 
The interferometer signal expressed with one signal S53 since it is easy as shown in drawing 1 in 
graph 

The signal S13 of an alignment system and SI 3' are added to the signal-processing unit SPU, for 
example, a microcomputer, at a list, it processes the above-mentioned signal, and the signal SAC for 
the actuator AC to which a substrate holder is moved at XY flat surface through the substrate table 
WT is controlled. 

It can set to the system of coordinates from which fixed interferometer systems form the alignment 
marks PI and P2, the location of Ml and M2, and the mutual distance between them during the first 
stage about the substrate of a mask, or overall alignment by the interferometer systems in which the 
3rd measurement shaft also includes not only X measurement shaft shown in drawing 1 but Y 
measurement shaft according to the things. These interferometer systems are used in order to be able 
to carry out stepping of the substrate table very correctly (i.e., also in order to move it in a 
predetermined distance and a predetermined direction). After it carries out image formation of the 
mask pattern to the first IC field or field with 1 times or more of a flash plate, such stepping arranges 
the next IC field down to this mask pattern and a projection lens system, and it performs it in order to 
be able to carry out the image formation of the mask pattern also to this field. These stepping and an 
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image formation activity are continued until all IC fields are equipped with a mask pattern image. 
Thus, the lithography equipment which acts is called a stepper, 

On the other hand, the still severer demand for the demand to big IC field on the increment in the 
electronic parts per unit front face of IC field and another side is imposed on the resolution and **** 
of a projection lens system, In order [ these ] to ease a conflicting requirement technically, already 
using a step and a scanner is proposed. Although the same stepping movement as a stepper is 
performed with such equipment, when carrying out image formation of the mask pattern to IC field, 
image formation only of few parts of a mask pattern is carried out to the subfield where IC field 
corresponds each time. By carrying out image formation of the part into which a mask pattern 
succeeds one another to the subfield where IC field succeeds one another, the image of the whole 
mask pattern is obtained on IC field. For this reason, it is small in a mask pattern in the location of 
this mask pattern, for example, illuminates with the projection beam which forms the lighting spot of 
a rectangle or the voussure, and moves to the direction to which the substrate table was given about 
the projection lens system and the projection beam, i.e., a scanning direction, and or it is the same in 
a mask table, it carries out in ********** anc | { s made the rate of the mask table which M Applies 
the rate of a substrate table to coincidence, M is a scale factor which carries out image formation of 
the mask pattern. It is equal to the rate VMA of the mask which should guarantee that this mask and 
substrate are in both the right location at every moment, and can realize it by the very exact 
synchronization of movement of a mask and a substrate, namely, the rate Vsub of a substrate always 
M Hangs. 

In order to check this condition Vsub=M-VMA, the step and the scanner should contain not only 
substrate interferometer systems but the mask interferometer systems which can measure movement 
and the location of a mask correctly. As for the measurement mirror of the system described at the 
end, fixing to a mask holder is desirable. Components 60, 61, 62, 63, and 64 show these mask 
interferometer systems to drawing 1 , and they have the same function as the components 50, 51, 52, 
53, and 54 of substrate interferometer systems. Since it is easy, the signal of mask interferometer 
systems expressed to drawing 1 with one signal S63 is added to the signal-processing unit SPU, and 
these signals are compared with the signal with which substrate interferometer systems correspond 
there, Then, it can check whether this mask and substrate are mutually in a right location, or it is 
moving synchronously. 

The following conditions will be fulfilled, if a mask and a substrate are related mutually and are in a 

right location, when the location which X of a mask and the direction of Y measured is expressed 

with Xr and Yr, and they of a substrate are expressed with XW and YW and rotation of the Z~axis is 

expressed with phiZ, r and phiZ, and W to a list, : XW-MXr=0 (1) 

YW-MYr=Q (2 

phiZ, W-phiZ, p= 0 (3) 

However, M is the scale factor of a projection lens system. It was assumed that a mask and a 
substrate moved to an opposite direction. Supposing these elements move in the same direction, it 
will be a minus sign at the aforementioned conditions. 
What is necessary is just to change to a plus sign. 

In order to check whether these conditions are satisfied, it is enough if both [ for masks ] the 
interferometer systems for substrates and it have three measurement shafts. However, as for substrate 
interferometer systems, it is desirable to have five measurement shafts, it is indicated by EP- 
A0498499 — as ~ X, Y, and phi ~ Z and not only W but phix, W, and phi — the circumference of y, 
W, i.e., the X-axis of a substrate, and a Y-axis — also falling — it can measure. The example from 
which the interferometer unit which consists of 5 shaft interferometer systems differs is explained to 
EP-A0498499 at the detail. In order to enable it to measure **** of the circumference of the X-axis 
and a Y-axis also about a mask, 5 shaft mask interferometer systems may be used. However, it is 
also possible to combine with other sensors for instead measuring **** of the mask of the 
circumference of the X-axis and a Y-axis for 3 shaft mask interferometer systems, for example, a 
capacity type sensor. 

if ~ XW, YW, phix, W, phiy, W and Xr, and Yr, phix, r and phi — if y and r are measured and the 
location in alignment with the Z-axis of ZW, Zr, i.e., a substrate, and a mask is measured using a 
focus detection system — conditions (1), (2), and (not only 3) but conditions: M2 and ZW-Zr=0 (4) 
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M-phi x, W-phi x, r= 0 (5) 
M~phiy 9 W-phiy, 0 (6) 

If it is satisfied and puts in another way 5 for the mutual location of the Z direction on a mask and the 
front face of a substrate, a substrate and a mask will be a circumference (6) of (5) and a Y-axis to the 
circumference of the X-axis in (4) lists about whether it is the right. 
It can check whether it leans mutually. 

The example of the interferometer systems which equip movement in alignment with the X-axis and 
the Y-axis of a substrate or a mask and a location, and a list with 3 measurement shafts which can 
measure rotation of the circumference of the Z-axis of a substrate or a mask is SPIE, and 1088th 
volume '.optical / laser. It is indicated by micro lithography and the paper ("the straight line / include- 
angle displacement interferometer" for wafer phase measurement) of pp. 268-272, Drawing 2 shows 
the diagram of such interferometer systems with the substrate holder WH. These compound 
interferometer systems contain three interferometer units 73, 74, and 75 in laser 70, for example, He 
Ne laser, two beam splitters 71, and 72 lists. A part of beam b5 from this laser is reflected in the 
interferometer unit 73 which cooperates with the mirror Rl of the substrate holder WH as a beam b6 
by the beam splitter 71. By the beam splitter 72, the beam b7 which the beam splitter 71 let pass is 
divided into the beam b8 reflected in the interferometer unit 74, and the beam b9 passed to the 
interferometer unit 75. In the interferometer unit 74, on the other hand in cooperation with the 
measurement mirror Rl, the interferometer unit 75 cooperates with the measurement mirror R2. 
Drawing 3 illustrates the principle of the interferometer unit 73. This unit contains the translucent 
mirror which divides a beam splitter 80 b6, for example, the Iriki beam, into the measurement beams 
b6 and m and the criteria beams b6 and r. Through and it reflect this measurement beam in the 
substrate holder mirror Rl, and reflect this beam in a beam splitter 80, and it reflects a part of beams 
b6 and m in a detector 76 shortly. By the criteria mirror 81 which has placed in a fixed position the 
criteria beams b6 and r which the beam splitter 80 reflected, it reflects in a beam splitter 80 and it 
lets a part of this beam pass to a detector 76, When moving a substrate holder mirror in the direction 
of X, and constructive interference and destructive interference take place by turns between the 
beams b6 and m which carry out incidence to a detector 76, and b6 and r, then a substrate holder is 
displaced beyond lambda/4 of distance, the output signal of this detector changes from maximum to 
the minimum value and its reverse, however lambda is the wavelength of a beam b6 always. The 
number which the maximum of the detector signal S76 and the minimum value measured is the scale 
of the variation rate of the direction of X of a substrate holder. It can measure by being farther [ than 
lambda/4 ] small, for example, using the electronic interpolation method known for an interferometer 
technique in movement of the mirror Rl of lambda/128, or lambda / 512 skill. 

The interferometer units 74 and 75 have the same configuration as the interferometer unit 73 ? and act 
similarly. Movement of the mask holder of the direction of Y is measured with the interferometer 
unit 75 and the related detector 78. The interferometer unit 74 and the related detector 77 perform the 
2nd measurement of the direction of X, Rotation of the circumference of the Z-axis of this holder is 

_ 876-87? 

calculated fron, signals S76 and S77. This rotation : * Z= — ( 7 ) 

Be alike is given, however d is the distance between the points in which the measurement beams b6 
and m which carry out incidence to a mirror Rl, and the chief ray of b6 and r carry out incidence to a 
mirror Rt. 

Drawing 3 should be noticed about only the principle of an interferometer unit being shown. In fact, 
many lambda/4 plates which express with elements 82 and 83 at dra win g 3 are used for polarization 
induction beam splitter 80 list for beam division and combination, Then, radiation loss is min, and if 
it uses only one laser 70 for a different interferometer unit, it is especially important. It is desirable to 
use the ZEMAN laser which takes out the beam of a frequency which is different of a polarization 
component perpendicular to mutual [ two ] as the radiation source. Then, these beam components 
constitute a measurement beam and a criteria beam, then measurement is due to phase measurement. 
Furthermore, above SPIE, the 1088th volume: Optical/laser It is unrelated to **** of the 
measurement mirror to which the measurement which you could also build into the interferometer 
unit retroreflector which is indicated by the micro lithography II and the paper of pp. 268-272, and 
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those retrorefiectors reflected the measurement beam in this measurement mirror again after 
reflection by the measurement mirror, and was performed with the related interferometer relates, 
In order to be able to perform X on a substrate, Y, and phiX measurement in a desired precision by 3 
shaft interferometer systems, the chief ray of the :1. interferometer beam with which should be 
satisfied of the following two conditions must be located in the flat surface which is in agreement 
with the front face of a substrate. 

2, the variation rate in alignment with the X-axis and a Y-axis — under the rotation in which the 
circumference of the Z-axis is possible in a list, and a substrate holder — other degrees of freedom 
phix 5 W, and phi — it must fix to y and W. 

Although it is hardly impossible or easy for it to be satisfied, these conditions can be forestalled in 
fact by using 5 shaft interferometer systems which can measure many movements from that of a 
substrate and bring about possibility that it will measure X and Y movement more correctly, as 
indicated by EP-A0498499. 

drawing 4 — 5 degree-of-freedoin:X, Y, phix and W, phiy, and W and phi — the principle of such a 
system for measuring Z and W is shown, and the substrate holder of a there is equipped with the 
mirror block of one body which consists of two mirrors Rl and R2, This system contains two 
interferometer units 100 and 150 which supply beams b20 and b30. Although these beams may be 
the Zeeman molds or there may be, laser 50. for example, He Ne laser, takes them out. f no 1 The 
beam blO which comes from this laser passes along the beam escape optical system first shown in 
graph with a lens 90, and then is divided into two beams b20 and b30 by the beam splitter 92. 
Components 91, 93, and 94 are reflectors which guarantee deviating so that incidence of the beam 
may be carried out to the interferometer units 100 and 150 at a right include angle. The 
interferometer unit 100 may be carried out so that a measurement beam may be taken out to the 
direction of the measurement mirror Rl in accordance with the measurement shafts MAX1, MAX2, 
and MAX3 and these beams from this mirror may be received. The circumference of the Y-axis from 
the difference of one signal of the variation rate of the direction of X of the substrate holder which 
the signal by one of the shafts MAX1 and MAX2 offers, the measurement shaft M AX, and the signal 
which 3 offers and the measurement shafts MAX! and MAX2 breaks down from these beams, and 
the rotation of the circumference of the Z-axis from the difference of the signal of the measurement 
shafts MAX1 and MAX2 can be measured in a list. The 2nd interferometer unit takes out two 
measurement beams to the direction of the measurement mirror R2 along with MAX4 and MAX5, 
and receives these beams from it, these beams - the direction of Y of a substrate holder, therefore a 
substrate ~ a variation rate can be measured from one signal of the measurement shafts MAX4 and 
MAX5, the circumference of the X-axis falls and phiX can be measured from the difference of the 
signal of these measurement shafts. The measurement shafts MAX5 and MAX3 are displaced about 
the measurement shaft MAX and 4, and the measurement shafts MAX1 and MAX2 are displaced to 
a Z direction, and, on the other hand, they displace the measurement shaft MAX and 1 for them in 
the direction of Y about the measurement shaft MAX and 2. Furthermore, it brings close to the front 
face of a substrate holder as much as possible, and X and Y variation rates which the error of ABBE 
is min and measured arrange the measurement shafts MAX1, MAX2, and MAX4 so that most 
equally [ of a substrate / the actual variation rate and the actual highest ]. 

The interferometer units 100 and 150 can be carried out by various approaches, For details, with 
reference to EP-A0489499* it is used for **** by reference. 

According to this invention, substrate interferometer systems also have at least one Z measurement 
shaft which cooperates with the Z measurement mirror firmly fixed to the substrate holder. By it, Z 
location of a substrate can also be measured by these interferometer systems. This Z measurement 
may compensate the Z measurement by a focus error detection system or an above-mentioned focus, 
and an above-mentioned level detection system, or may carry out the role which replaces it. 
The measurement shaft of another interferometer unit is sufficient as this new Z measurement shaft 
of interferometer systems. However, as for this Z measurement shaft, it is desirable that it is the 
special measurement shaft of interferometer unit 100** as shown in diagram in a front view, the 
interferometer unit, for example, drawing 5 , which already exists. In this example, it has the 
reflective part 160 of the side face of the substrate holder WH toward which one 159 inclined, This 
part constitutes the Z measurement mirror R3. The reflexibility bay 161 of this side face has the 
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same function as the straight-line mirror Rl of drawing 4 . The interferometer unit 100 contains not 
only the measurement shafts MAX2 and MAX3 but the Z measurement shaft MAX which 
approaches the top face of a substrate holder as much as possible, and is located in it and 7. The 
measurement mirror R3 is arranged on the plate 163 which the measurement shaft MAX and the 
measurement beam of 7 are reflected in the Z reflector 164 which is further reflector, and it is firmly 
fixed to the holder LH of this projection system, and may accomplish a part of measurement frame, 
This Z reflector reflects a measurement beam in the measurement mirror R3, and then it reflects this 
measurement beam in the interferometer unit 100. This unit holds another detector for Z 
measurement beams, processes that output signal with other signals, and makes a Z measurement 
signal. 

The Z measurement mirror 160 (it is R3 at drawin g 5 ) is arranged in XY flat surface which X and Y 
measurement beam spread at the include angle of 45 degrees, A principle top may spread at the 
include angle from which a Z measurement mirror differs at this XY flat surface. However, since a Z 
measurement beam attains to the Z reflector 164 and the same path is followed, the include angle of 
45 degrees may be desirable, then min is sufficient as the width of face of a Z measurement mirror. 
X location and Y location in the system in which the circumference of a Y-axis will fall on if the 
signal by which it comes from the measurement shafts MAX2, MAX3, and MAX7 is expressed with 



X2, X3, and Zl, respectively, and phiij also measures : a ( 8 ) 



a is [ the distance between the top face 162 of a substrate holder and the core of two X measurement 
shafts and c of the distance between two X measurement shafts and b ] the distance between a Z 
measurement shaft and a top face 162 here. 

A Z measurement beam approaches the top face of a substrate holder, therefore it has only effect 
which **** in which a substrate is possible can disregard in Z location which the substrate measured 
in the location close to a substrate in the example of these interferometer systems which carries out 
incidence to a Z measurement mirror. 

The criteria beam together put after reflection by the criteria mirror with the measurement beam 
reflected by the Z measurement mirror 160 and the Z reflector 163 and Z detector relates to a Z 
measurement beam. The fixed mirror in the interferometer unit 100 is sufficient as this criteria 
mirror. Then, not Z positional information with the pure signal which Z detector offers but Z 
positional information is mixed with X positional information in the signal. Electronic differential 
must be used, if X positional information must be removed from a detector signal, therefore it must 
deduct from this signal and; paraphrase of is done, in order to acquire pure Z positional information. 
Instead of another fixed Z criteria mirror, as shown in drawing 5 , it is desirable to use X 
measurement mirror 161 as a criteria mirror for Z measurement. Then, the criteria beams bZ and r 
reflected by this mirror will bring the result that it is Z position signal with the pure output of this 
detector, if this criteria beam is combined with a Z measurement beam with Z detector including X 
positional information. Thus, optica! differential is performed and it has the advantage of not being 
restricted by the processing speed of an electronic circuitry, compared with electronic differential. 
Using this optical differential therefore X s or Y measurement mirror as a criteria mirror for Z 
measurement can be used also for the example to be explained from now on. 

Drawin g 6 shows the example of the interferometer systems which perform two Z measurement. For 
this reason, the side face 165 opposite to the 1st Z measurement mirror R3 of the substrate holder 
WH also inclines, and it has the 2nd Z measurement mirror R4. This mirror cooperates with the Z 
measurement shaft MAX and the 2nd Z measurement beam extended along with 8, the [ by which 
this 2nd Z measurement beam was arranged in the plate 163 bottom by the measurement mirror R4 ] 
— it is reflected in the direction of the 2Z reflector 168. This 2nd Z measurement beam is reflected in 
the direction of the measurement mirror R4 by the Z reflector 168, and then it reflects this 
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measurement beam in the measurement shaft MAX and the detector relevant to 8. An average of Z 
locations of a substrate are decided by adding the signal which the measurement shafts MAX7 and 
MAX8 offer. Thus, the value of obtained Z location is unrelated to X location of a substrate holder. 
According to the example shown in drawing 6 , the signal which shows **** of the substrate of the 
circumference of a Y-axis can also be acquired. This signal is proportional to the difference of the 
signal which MAX7 and MAX, and 8 measurement shafts offer. 

the radiation source special in the example shown in draw ing 6 — having — the [ and 1 ~ another 
taterferometer unit 180 which holds 2Z detector is re^eS DrawtagJ ! hows L exittple of the 
interferometer systems whose special interferometer unit is unnecessary, this example — the 
measurement beam for MAX and 8 measurement shafts — the — the interferometer unit 100 also 
containing 2Z detector supplies. The measurement beam for MAX and 8 measurement shafts follows 
the tooth space between a substrate and a projection lens, and is reflected in the Z measurement 
mirror R4 by the roofing reflector 170 equipped with two reflectors 171 and 172. This measurement 
beam is reflected in the Z reflector 168, it reflects this measurement beam in the measurement mirror 
R4 next, and, as for this beam, a mirror R4 follows the path to the detector unit 100 after that. In this 
unit, the 2nd aforementioned detector receives this measurement beam. 

The Z measurement mirrors R3 and R4 are crossed to the whole die length of a substrate holder, and 
spread perpendicularly in the field of the direction of Y, drawing S , drawing 6 , and drawing 7 . If 
this lithography equipment is a step and a seamier, this direction of Y is a scanning direction, and can 
perform Z measurement covering the whole scan die length, 

A principle top has the width of face of a Z measurement mirror equal to the diameter of the cross 
section of the Z measurement beam in the field of this mirror, or if this beam follows the path to Z 
reflector twice, it will be slightly large, This can restrict this width of face and means that the front 
face of a Z measurement mirror is made to small Since all those front faces are small, a 

measurement mirror can actually be manufactured in a desired surface precision. 
As shown in drawin g 7 , there is distance f given between main shaft AA' of projection lens system 
PL and the edge of the Z reflector 168. This distance is 70mm order. As shown in drawing 8 , in 
order for Z measurement to be possible even in the extreme X location of the substrate holder WH 
which illuminates the right extreme section of a substrate, there should be distance h between axial 
AA ? and the measurement mirror R4 equally to the distance f over the location at least, This may 
mean that only the value which was able to give the width of face of the substrate holder of the 
direction of X should be made large for Z measurement. Supposing it also performs Z measurement 
through MAX and 7 measurement shafts in addition to the Z measurement through MAX and 8 
measurement shafts, the width of face of a substrate holder should be increased onlv the twice of this 
value. Its large-scale method of the direction of X will increase the weight of a holder considerably, 
since a substrate holder can arrange both a Z measurement mirror, X, and Y measurement mirror on 
the side face and it should also have the given height. This is not desirable because of driving force 
required for a holder, and the requirements for stability. Therefore, as for a Z measurement mirror, it 
is desirable to arrange on a bar form element with the sloping side face, and to combine the element 
with a substrate holder firmly. 

Draw ing 8 shows the example of interferometer systems which has arranged two Z measurement 
mirrors R3 and R4 on the bar form element 191 and 192. The width of face required for a 
measurement mirror of this configuration is equal to the diameter of the cross section of the 
measurement beam in the field of this mirror too, is slightly large, then it can restrict the magnitude 
of the Z direction of a bar form element. The excessi ve weight applied to a substrate holder in order 
to make it suitable for performing Z measurement mentioned above is restricted by it, As shown in 
drawing 8 , two Z measurement mirrors are arranged in the lower part of a substrate holder. 
Therefore, the top face of a substrate holder is approached, X measurement shaft relevant to the 
interferometer unit 100 can be arranged, and the error of ABBE to these measurement shafts can be 
decreased. Furthermore, it can use in order to perform measurement unrelated to this invention 
except having explained the maximum part of the side face of a substrate holder, and the maximum 
tooth space between a projection lens system and a substrate holder. 

The spot inscribed with MAX4 and MAX5 on the substrate holder WH by drawin g 8 is a location 
which carries out incidence to X measurement mirror which the measurement beam of the 
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interferometer unit 150 ( d rawing 4 ) relevant to the measurement shafts MAX4 and MAX5 has 
arranged on this side face of a substrate holder, 

bZl, r, and bZ2 and r show the criteria beam which results to X measurement mirrors 190 and 193 in 
dra wing 8 in relation to the Z measurement shafts MAX7 and MAX 8, As explained above, these 
criteria beams are used in order to perform optical differential. This optica] differential is especially 
important, supposing a substrate holder runs by a large rate and acceleration as actually wished. 
Then, a detector signal changes very rapidly. Probably, interferometer systems must be equipped 
with a very quick digital disposal circuit when using Z criteria beam which does not reach X or Y 
measurement mirror, in order to obtain measured value exact enough and positive. Supposing this 
applies optical differential, it will be unnecessary. 

Drawing 8 also shows the projection beam PB. In the case of a step and scanning lithography 
equipment, this beam is a rectangle, for example, a rectangle, and a cross section in the field of a 
substrate, and that axis of ordinate is parallel to the direction of X. Whenever it carries out image 
formation of the mask pattern to IC field of a substrate, every, by moving a mask and a substrate in 
the direction of Y about a projection beam and a projection lens system, a substrate is crossed and 
this beam is moved in the direction of Y. 

In the further example, a substrate holder is equipped with three Z measurement mirrors by 
interferometer systems including three Z measurement shafts. Drawing.? is the very graph-top view 
of the Z measurement shafts MAX7, MAX8, and MAX 10 relevant to a substrate holder list equipped 
with three Z measurement mirrors R3, R4, and R5, since Z location of a substrate is completely 
measured by three points about the same criteria, the circumference of the X-axis and a Y-axis 
location [ not only / of a substrate / Z / not only ] is possible for the reflexibility bottom of a plate 
163, and a junction Z measurement shaft — information can be offered also about falling. You may 
replace by these the measurement of these using [ so that measurement can decrease the total of a 
measurement shaft to 6 by falling ] the measurement shafts MAX3 and MAX5. However, it is 
possible to instead use in order [ which is depended on a Z measurement shaft / which falls and 
depends measurement on additional measurement, for example, MAX3 and MAX, and 4 
measurement shafts ] to fall and to check measurement. 

Drawing 10 shows the example 100 of an interferometer unit equipped with a Z measurement shaft, 
for example, the unit of drawing 4 . This unit contains lambda/4 plates 203 and 204 of 201 or 2 
polarization induction beam splitters, the retroreflectors 206 and 207 of 205 or 2 criteria reflectors, 
the compound prism 208, and two reflectors 213 and 215. Two reflectors may be arranged to the 
field 95 of the interferometer unit 100 shown in drawing 4 , This interferometer unit is a heterodyne 
mold. Then, a beam b20 comes from the He Ne laser carried out as ZEMAN laser. Such laser 
supplies a beam with a polarization component perpendicular to mutual [ which have a 6MHz optical 
frequency difference / two ]. By drawing 10 , a continuous line and a broken line show these two 
components, respectively . These radiation components may be obtained in the combination of the 
usual laser, a beam splitter, and a sound-optical modulator as indicated by US-A5 and 485,272 
(PHN14.702). 

The beam b20 included in prism 201 is divided into the measurement beams b2() and m and the 
criteria beams b20 and r by the polarization induction interface 202. Beams b20 and m are reflected 
in the measurement mirror Rl of a substrate holder by this mirror by through, the location Px, and 1 . 
lambda/4 plate 203 which guarantees rotating the 90 degrees of the polarization directions of a 
reflective measurement beam through which it passes twice about the polarization direction of the 
Iriki beam beam b20 is arranged between prism 201 and a mirror Rl . Next, this reflective 
measurement beam is reflected in the retroreflector 206 of the form of three-dimension corner cube 
prism by the interface 202. The beam which this prism reflected is continuously reflected by the 
interface 202, and it reflects in the measurement mirror Rl again by this mirror by delivery, the 
location Px 5 and 2 as the measurement beam b'20 and m to prism 201, Next, that polarization 
direction rotates 90 degrees of lambda/4 plates 203 again a passage twice, and this beam passes 
along an interface 202. A beam b'20 and m reach the prism system 208 continuously, and it is 
reflected by the field 209 and they reach the radiation induction detector 213 through the polarization 
analyzer 212 after all. 

The criteria beams b20 and r which the interface 202 reflected pass along lambda/4 plate 204, and it 
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is reflected by the criteria reflector 205 and they pass along this lamhda/4 plate once again, 90 
degrees rotates and this beam moves the polarization direction of the beams b20 and r which carry 
out incidence to an interface 202 to retroreflector 206. Delivery and this reflector reflect in an 
interface 202 again to the criteria reflector 205 by using as a criteria beam the beam b'20 which this 
component reflected, and r, and the 90 degrees of the polarization directions rotate again. This 
interface reflects this beam in the prism system 208 continuously, and that field 209 reflects this 
beam b'20 and r in a detector 213. The polarization direction of an analyzer 212 spreads in include 
angle of 45 degrees to the polarization direction perpendicular to a beam b'20, m and MO, and both 
two r. The component of these beams that pass this analyzer has the same polarization direction, and 
it interferes in it mutually. Intensity modulation of the output signal S213 of a detector 213 is carried 
out on a frequency equal to the frequency shift depending on the variation rate of the direction of X 
of the Zeenian delta- frequency +/-measurement mirror RL 

A principle top may also omit retroreflector 206 so that the measurement beam and criteria beam 
which carry out incidence to a detector 213 may be only once reflected by the substrate measurement 
mirror RL It has the big advantage that the special example of the interferometer unit 1 00 of drawing 
10 which reflects a measurement beam twice on a measurement mirror as Beams b20 and m and 
b ! 20, and m using retroreflector 206 is unrelated to the rotation of the mirror Rl to which it is 
possible of the circumference of the measurement beam b'20 which carries out incidence to a 
detector 213 after all, and a shaft with the direction perpendicular to the X-axis of rm Then, a signal 
S213 includes only X pure displacement information. In the same reason, no rotations in which the 
criteria reflector 205 is possible influence a signal S213* 

Rotation of the substrate holder of the circumference of the Z-axis perpendicular to a drawing at 
drawing 10 can be measured also by the interferometer unit of drawing 10 . This is the location Px 
which performs the 1st X measurement, and 1 (Px, 2). 

since — the location Px of the maximum distance and the 2nd X measurement by 3 (Px, 4) realize. 
For this reason, the field 210 of the prism system 208 is carried out as a translucent mirror, and this 
sends the measurement beam b'20, m and the criteria beam h f 2G, and a part of r to the beam division 
prism 201 as the new criteria beams b21 and r and new measurement beams b21 and m, respectively, 
The 90 degrees of the polarization directions of two beams are first rotated with iarnbda/2 plate so 
that the function of these beams may interchange. It lets the measurement beams b2i and m pass to 
the substrate measurement mirror Rl by the polarization induction interface 202, and, on the other 
hand, the criteria beams b21 and r are reflected in the criteria reflector 205. The path which Beams 
b21 and m, and b21 and r follow is equal to the path which Beams b20 and m, and b20 and r follow. 
It is desirable to form the 2nd retroreflector 207 which guarantees to send a measurement beam and a 
criteria beam to the substrate measurement mirror Rl and the criteria reflector 205 once again as a 
beam b'21, m and b'21, and r, respectively. The measurement beam b'21 reflected once again, m and 
the criteria beam b'21 3 and r reach the 2nd detector 215 through the prism system 208 and the 2nd 
polarization analyzer 214, and these beams interfere mutually there. 

intensity modulation of the output signal output signal S2 15 of this detector is carried out on a 
frequency equal to the sum or the difference of the Zeeman difference frequency and the frequency 
shift depending on the rotation in which the measurement mirror Rl of the circumference of the Z- 
axis is possible, it actually meets — when rotation [ like ] takes place, the frequency shift between the 
measurement beam to which reflection takes place in the locations Pxl and Px2 when passing this 
system first, and a criteria beam differs from the frequency shift to which reflection takes place in the 
locations Px3 and Px4 when passing this system to the 2nd. The delta frequency measured with a 
detector 215 is a difference between the above-mentioned frequency shifts. If the substrate 
measurement mirror R l does not rotate to the circumference of the Z-axis, the delta frequency 
produced as a result is equal to zero. 

In order to obtain rotation of the circumference of X variation rates of a substrate holder, and the Z- 
axis from these delta frequencies, about the approach of processing signals S213 and S215 
electronically, the paper of SPIE, the 1088th volume "optical / laser micro lithography", II, 1989, and 
pp.268-272 may be referred to as an example. 

A beam only wi th one frequency may be used instead of the beam b20 with two frequency 
components, and the variation rate of the measurement mirror Rl or rotation is measured in that case 
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by carrying out the quantum of the phase contrast between a measurement beam and a criteria beam. 
According to this invention, you may extend so that Z measurement can do the interferometer unit 
100. Drawing 1 1 shows the example of the interferometer unit 101 equipped with a Z measurement 
shaft in the cross section by XZ flat surface. This unit includes the Z measurement shaft MAX and 
the 2nd radiation source 229 which supplies the beam b25 for seven in the 1st radiation-source 225 
list which supplies X measurement shafts MAX! and MAX and the beam b20 for two. 
A beam b25 is divided into the measurement beams b25 and m and the criteria beams b25 and r with 
the polarization sensitivity division prism 201. An interface lets the measurement beams b25 and rn 
pass to the Z measurement mirror R3, 

This mirror reflects a measurement beam in the Z reflector 164, and it returns this beam to the Z 
measurement mirror R3. This mirror reflects b25 and m in an interface 202 again. If it arrives at this 
interface at the 2nd times, since b25 and m will pass lambda/4 plate 203 twice and the 90 degrees of 
that polarization direction will rotate about the original polarization direction of this beam, Beams 
b25 and rn are reflected in the Z detector 235 by this interface. 

The criteria beams b25 and r are reflected in the criteria reflector 205 by the interface 202, it is 
reflected in this interface by this reflector, and this beam passes lambda/4 plate 204 twice with it 
there. If an interface 202 is arrived at, the 90 degrees of the polarization directions of Beams b25 and 
r will rotate about the original polarization direction of this beam, then this interface will let Beams 
b25 and r pass to a detector 235. The polarization analyzer 234 precedes with this detector, then 
Beams b25 and m and the component of b25 and r can interfere mutually in the field of a detector 
235. Intensity modulation of the output signal S235 of this detector is carried out on a frequency 
equal to the frequency component depending on the variation rate of the Z direction about the Z 
reflector 164 of a Zeeman frequency +/-Z measurement mirror. In order to acquire pure Z position 
signal, the combination of X position signals of detectors 213 or 215 or these signals must be 
deducted from the output signal of a detector 235, 

Points PX1 and PX3 are points that X measurement shaft intersects X measurement mirror, in 
drawin g 1 1 . Since retroreflector is not used in this example but X measurement beam is only once 
reflected bv the measurement mirror Rl . the measurement shafts MAX1 and MAX2 are in 
agreement with the main shaft of these measurement beams, It reaches, after an interface 202 reflects 
these measurement beams in detectors 213 and 215, respectively and the criteria beam related there 
is reflected by the criteria reflector 205. Moreover, since a Z measurement beam passes Z reflector 
164 through a Z measurement mirror and that reverse path is only once followed in this example, the 
measurement shaft M AX and 7 are in agreement with the main shaft of a Z measurement beam too. 
In order to supply beams b20 and b25 to the interferometer unit equipped with a Z measurement 
shaft for the combination of not two separate radiation sources but a radiation source, and a 
polarization neutral beam splitter, you may use instead, Not a beam with two frequency components 
but one beam of only one frequency may be used for each of beams b20 and b25. In that case, the 
variation rate of a related measurement mirror is measured by carrying out the quantum of the phase 
contrast of a related measurement beam and a criteria beam. 

As block 220 shows to d rawing 1 0 in diagram, X measurement beam which a mirror Rl reflects may 
be used also as the Z measurement beam b f 20 and m. For this reason, the front face 209 of the prism 
system 208 may be carried out as a translucent reflector which lets a beam h ! 20, m and the criteria 
beam b'20, and a part of r pass. The reflector system 220 is arranged for the path of the passed beam 
component which is used as a Z measurement beam and a criteria beam, b26 and m, and b26 and r. 
This system reflects Beams b26 and m, and b26 and r in a beam splitter 201, and displaces these 
beams to a Z direction in parallel with these very thing, and it is made to be extended in the 2nd XY 
flat surface where these beams are located in front of a drawing by drawing 10 , then this Z 
measurement beam can reach the Z measurement mirror R3. The above-mentioned 2nd XY flat 
surface is shown in drawing 12 with the Z measurement beams b26 and m and Z criteria beams b26 
and r. 

Before a beam splitter 201, Beams b26 and rn and the path of b26 and r include lambda/2 plate 224 
turning around the 90 degrees of the polarization directions of these beams, and replace the function 
of a criteria beam and a measurement beam, Retroreflector 228 is formed in Z measurement shafts, 
and this beam is twice reflected in the Z detector 164 by the Z measurement mirror as Beams b26 
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and m and b'26, and m in locations PX7 and PX8, respectively, and a criteria beam is twice reflected 
as Beams b26 and r and b ? 26, and r by the criteria mirror 205. The path which this Z measurement 
beam and Z criteria beam follow through this interferometer unit is similar to the path which X 
measurement beam and X criteria beam follow. 

A beam b'26, m and b f 26 ? and r reach the polarization analyzer 226 after all, and it lets the 
component in which it has the same polarization direction of these beams, and interferes mutually 
pass to a detector 227. Intensity modulation of the output signal S227 of this detector is carried out 
on a frequency equal to the frequency component depending on the variation rate of the Z direction 
of a Zeeman difference frequency H7-Z measurement mirror. When actually such a variation rate 
happens, the measurement beam b'26, m and the criteria beam b'26, and the frequency shift between 
r differ from the measurement beam b'20, m and the criteria beam b'20, and the frequency shift 
between r. 

The delta frequency measured with a detector 227 is a difference between these frequency shifts, the 
delta frequency which will be produced as a result if there is no variation rate in a Z direction - zero 
— being equal . 

Drawing 13 shows the example of the reflector system 220 to a detail. This system contains the 2nd 
reflector 222 which reflects these beams in the 1st reflector 221 list which reflects the beam b { 20 
extended to Z shaft orientation in parallel with the X-axis, m and b'20 ? and r to the X-axis in parallel 
again, then, this reflector pair — 221 and 222 displace these beams along with the Z-axis in parallel 
with these very thing. 

It is desirable that it is mutually parallel to each measurement shaft so that it may prevent the criteria 
beam relevant to a measurement beam at the explained example happening in the location of the 
detector with which not a single radiation spot but an interference fringe is related. Since the above- 
mentioned front face can be correctly made flat within the include angle for 3 seconds, and since this 
parallelism it is decided at the include angle between the front faces 209 and 210 of the prism system 
208 and the include angle between the front faces 221 and 222 of a reflector system that will be a list 
can make the above-mentioned include angle equally to 90 degrees correctly, it is realizable for 
satisfaction in fact with the smoothness of the front face of the prism system 208 and the reflector 
system 220 of a beam splitter 20 L In order to avoid the alignment problem under assembly and to 
guarantee time amount stability, as for the reflector system 220, it is desirable to make it the prism 
system 208 and one. 

It has the advantage that the interferometer unit shown in drawing 10 5 drawin g 1 1 , and drawing 12 
has the the same path length which is symmetrica! about a beam splitter 201, and passes along this 
beam splitter, [ of the measurement beam and criteria beam relevant to a measurement shaft ] This 
removes the risk of instability substantially. 

With the equipment by drawing 10 and draw ing 12 , the difference between the signals about the 
measurement shafts MAX1, MAX2, and MAX7 required in order to measure rotation of the 
circumference of the Z-axis and Z location is decided optically. Supposing it expresses with IMAX1, 
IMAX2, and IMAX7 the information acquired through these measurement shafts, drawing 10 and 
the detector signals S213, S215, and S227 in the example of drawing 12 will be given by the 
following formula. : S213=TMAX, 1 (11) 
32 1 5=IM AX, 1 ~IMAX,2 (12) 
S227=IMAX,1-IMAX,7 (13) 

Signal S (X) which includes the information about the magnitude and the direction of rotation of the 
circumference of the Z-axis in the variation rate and list in alignment with the X-axis and the Z-axis, 



s(xr^~™ 



Imaxj-Imaxs ( 1 5 ) 



g 

s(zy lhAA ^ 1 ~ Imax > 3 (i6) 

S (Z), and S (phi 2) ; h 
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Parameters g and h are shown in drawing 14 . Pxl, Fx2, Px3, Px4, Px7, and Px8 show the point 
which carries out incidence to the measurement beams b20 and m b'20, m, b21 and m, b'21, m, b26 
and m and b'26, and the chief ray mirrors Rl and R3 of m in this drawing, respectively. The 
measurement shaft shown by MAX1. MAX2, and MAX? in previous drawing relates to each set of a 
measurement beam. Ql, Q2, and Q3 show the point in which these measurement shafts carry out 
incidence to mirrors Rl and R3 to drawing 14 . These signals can he used and the quantum of the 
rotation of the circumference of X location, Z location, and the Z-axis can be carried out, taking the 
proofreading parameter about the error of ABBE into consideration. 

As already described, it is desirable to use the optical differential explained with reference to to 
measure optically the difference between the signals relevant to a different measurement shaft, i,e. 3 
dra wing 10 , drawing 12 , and drawing 13 . Depending on a situation, electronic differential may be 
used instead, In that case, as shown in drawing 15 , three different beams should be supplied to the 
beam splitter. 

The path of a beam b20 incorporates the polarization neutral beam splitter 230 before the 
polarization induction beam splitter 201, and it is divided into the 1st and 2nd beams b41 and b42 
which have a main shaft in the 1st XY flat surface, i.e., the drawing of draw in g 14 , in a beam b20 5 
and the 3rd beam b43 which has a main shaft in a list at the 2nd XY flat surface in front of the 
drawing of drawing 14 . A beam splitter 230 may be carried out by various approaches including the 
combination"^ a ;ffS,or that it ,s no, partially partial and transient. For example, the field of a 
plane-parallel plate is sufficient as these reflectors so that in parallel [ beams b41, b42, and b43 ] 
with satisfaction. An interface 202 divides each of these beams into a measurement beam, each 
criteria beam, b41 and m, b41, r, b42 and m, b42, r, b43 and m, and b43 and r. Since it is clear, a part 
of radiation path shows the criteria beams b41 and r. 

It is desirable to make it twice reflected by the measurement mirrors Rl or R3 to which the 
measurement beams b41, m, b42, and m which arrange retroreflectors 206, 207, and 208 for the path 
of beams b41, b42, and b43 3 and come out of a beam splitter 201 after all, and b43 and m relate. 
Incidence of each measurement beam is carried out to the separate detectors 213, 215, or 227 
through analyzers 212, 214, and 226 with a related criteria beam. 

Relation between the information acquired in the example of dra wing 15 through the detector signals 
S213, S215 3 and S227 and a measurement shaft: S213=IMAX 9 1 (17) 
S215=IMAX,2(18 
S227=IMAX,7 (19 

Measurement-signal S (X), S (2), and S (Z) are next time. : 
Wi+Wr+Wr (20) 



^#2>~- (21) 

g 

— ~—~"ImaX,7 

2 

S(Z)- ; (2 2) 

h 

The selection between equipment equipped with three independent measurement shafts and 
equipment equipped with three united measurement shafts is one side, may be the motion velocity of 
a substrate holder therefore the change rate of the information on a measurement shaft, and another 
side, and may be decided by the rate of a signal -processing elec tronic unit. In a high-speed substrate 
holder, equipment equipped with the united measurement shaft will be chosen. This selection is 
further decided by extern which an interferometer unit influences measurement-signal S (X), and 
3 (phi 2) and S (Z). An interferometer error is an error produced by interferometer itself by the 
detector signals S213, S215, and S227. When such an error happens to each detector signal, in the 
case of three independent measurement shafts, the error of a measurement signal is. ; 
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AS(X)= — -A (23) 

3 



AS^- ------- (2 4) 



A+A 

2 3 A 

AS(Z>*= — = — (25) 




AS(X)=A+— -—=—- (26) 

3 3 



AS($ 2 )=— (2 7) 

g 

A 

AS(Z>= — (28) 
In the case of three united measurement shafts : h 

The interferometer unit 100 may be equipped with special X measurement shaft as indicated by EP- 
A0498499. The signal with which the substrate of the circumference of a Y-axis fails and phiij is 
expressed may be acquired from this measurement shaft, MAX, and the information on 3 combining 
the information which MAX and 1 measurement shaft offer. By drawing 14 , the gage marks Px9 
and PXiO show the point that this measurement beam is equivalent to a mirror Rl successively, if it 
lets the measurement beam relevant to MAX and 3 measurement shafts pass twice to the direction of 
X measurement mirror Rl through retroreflector, 

MAX and the measurement beam for 3 measurement shafts may be supplied according to another 
radiation source, However, you may obtain by the approach similar to the approach which instead 
explained this measurement beam with reference to drawing 10 , drawing 12 , and drawing 13 in 
order to obtain a Z measurement beam. If it does so, the measurement beam b 5 2 0 which the 
measurement mirror Rl and the prism system 208 let pass, and the path of m will take in a reflector 
system similar to a system 220. This system reflects a measurement beam and a related criteria beam 
in the measurement mirror Rl, and it guarantees spreading at the flat surface at which these beams 
differ from XY flat surface of drawing 10 . At this XY flat surface, these beams follow what was 
attached to the Z measurement beam and the related criteria beam, and was shown in d raw ing 12 , 
and a similar path. However, XY flat surface w r here the measurement shaft MAX and the 
measurement beam of 3 are extended is shortly located in the back instead of before a drawing. This 
interferometer unit contains another detector in MAX and 3 measurement shafts. 
About the approach of acquiring a signal with MAX and 3 measurement shafts, EP-A0489499 which 
have indicated the interferometer unit equipped with three X measurement shafts are referred to. In 
order to carry out this inversion in such a unit, a neutral beam splitter may be arranged between the 
prism system 208 and the reflector system 220, and a reflector system as shown in drawing 13 may 
be put on the path of each measurement beam which this beam splitter makes, 
In order to measure **** in which the circumference of the variation rate of the direction of Y of a 
substrate holder and the X-axis of this holder is possible, these compound interferometer systems 
contain in dra wing 4 the 2nd interferometer unit shown by 150. This interferometer unit has two 
measurement shafts MAX4 and M AX5 on a principle, The configuration of this interferometer unit 
constituted according to the same principle as the interferometer unit 100 and explanation of an 
operation are explained by EP-A0489499 in full detail, Instead of the interferometer unit 100, it is 
similar with it and you may extend with a Z measurement shaft and a related detector by the same 
approach as having also explained this interferometer unit with reference to drawing 10 , drawing 
11 , drawing 12 , drawing..! 3 , and drawing 1 5 . 
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In the interferometer units 100 and 150, although it is not necessary to arrange the detectors 213, 
215, and 227 of a unit 100 immediately after the analyzers 212, 214 3 and 226 of a unit 100, 
supposing it wishes, these detectors are detached, and according to the things, you may approach and 
arrange. Then, a beam can be led to a detector using an optical fiber, The lens for converging a beam 
on the inlet-port flat surface of a fiber may be prepared between an analyzer and a fiber. 
The prism retroreflector shown in dr awin g 1 0 , drawing 12 , and drawing 15 or a three dimension "a 
corner cube" may be replaced with cat's-eye retroreflector. It not only guarantees that the main shaft 
of the reflected beam is parallel to it of the Iriki beam, but the lens which has arranged the mirror to 
the focal plane constitutes such retroreflector, and that these main shafts are in agreement guarantees 
it, 

Consideration of the required accuracy of these compound interferometer systems may have effect 
with change of a perimeter parameter like temperature, an atmospheric pressure, and humidity. 
These change produces fluctuation of the refractive index of the medium which this interferometer 
beam spreads. Such fluctuation may be produced also by the turbulent flow of a medium. In order to 
be able to measure them so that these fluctuation can be amended, it has proposed that establish the 
6th measurement shaft and it is used for it as a reference axis with w r hich the beam which cooperates 
with a fixed reference reflector is extended for example, EP-A0498499 is special to the 
interferometer systems indicated to it. A reference number 170 shows this reflector to drawing 4 , 
and b50 and m show the measurement beam of this reference measurement shaft to it. As for this 
beam, it is desirable to send the beam which supplies by the interferometer unit 150 with few 
measurement shafts, i.e., the explained unit of an example, and comes from this unit to a reflector 
170 with a reflector 171. Then, this interferometer unit contains the special detector for changing 
them into an electrical signal, in order to receive Beams b50 and m and the related criteria beam 
which this criteria reflector reflected, 

The measurement beams b50 and m follow fixed geometric path length. However, the optical path 
length who is the product of the refractive index of the medium crossed with this geometric path 
length is influenced by fluctuation of this refractive index. Then, this fluctuation also influences the 
path difference between the criteria beams relevant to the measurement beams b50 and m. 
fluctuation of this path difference - the above - it measures with a special detector, and it can use in 
order to amend the information which acquired that output signal through other measurement shafts 
to the refractive-index fluctuation by fluctuation of a turbulent flow or a perimeter parameter. 
As shown in drawing 4 , the criteria reflector 170 is combined with the interferometer unit 150 
through the plate 190 of a desirable very stable ingredient like "zero DEYURE" or "umber," 
As long as the beam of a focus error detection system and/or a focus, and a level detection system 
passes along the same tooth space as this interferometer beam, the information on this reference 
measurement shaft may be used also in order to amend the measurement information from other 
optical measurement systems like those gaging systems, 

In order to measure refractive-index fluctuation, it is enough if one measurement beam is used. 
However, supposing it wishes, as explained above to other measurement shafts, a double 
measurement beam and a double criteria beam may also be realized to a reference measurement 
shaft, 

Refractive-index fluctuation has remarkable, for example, wavelength different 2 times, and can 
measure it also by two measurement beams which follow the same path in the medium along which 
an interferometer beam passes. Since the refractive index to a beam depends on the wavelength of 
this beam, it has phase contrast, when the optical path lengths to these beams differ and these beams 
reach a detector, even if the geometric path length to a beam is equal. In refractive-index fluctuation, 
the signal with which there is also fluctuation of this phase contrast, then phase contrast fluctuation 
is expressed is acquired. Although it can cany out to drawing^ in accordance with the reference 
measurement shaft shown by b50 and m, even if this refractive-index fluctuation measurement that is 
known in itself, for example, is indicated by US-A5 and 404,222 meets any of the aforementioned 
measurement shaft including a Z measurement shaft, it is possible. 

If it guarantees that the same environment as all the tooth spaces that an interferometer beam spreads 
spreads, even still more accurate compound interferometer systems will be obtained. This is 
realizable by [ fixed to this tooth space ] sending the harmony air of a laminar flow preferably. The 
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example of the air shower called by **** is indicated by EF-A0489499, and refer to it for it about 
configuration data. 

You may use it for other examples of such interferometer systems it not only uses this invention for 
the above-mentioned example of the interferometer systems of fi ve shafts or six shafts, but, and 
some of those configurations are explained by EP-A0489499 in full detail, In addition to the 
interferometer systems of five shafts or six shafts, there are few measurement shafts, for example, 
this invention may be used also for 3 shaft interferometer systems equipped with two interferometer 
units, and shows that example to dra wing 2 . 

With a step and scanning photolithography equipment, the mask holder should also be moved with 
high precision. In order to check this movement, multiaxial interferometer systems may be used. 
Moreover, interferometer systems equipped with at least one Z measurement shaft are sufficient as 
these interferometer systems so that the system by this invention, therefore a very precise and 
positive measurement result may be obtained. 

During the lighting of IC field, in order to be related mutually and to arrange a mask and a substrate 
by the very precise approach, with the lithography equipment which has the high throughput feed- 
through rate of a substrate, the force of the actuator of a substrate holder and a mask holder should 
prevent being told to the interferometer systems for mask holders in the case of the components of 
these interferometer systems for substrate holders, a step, and a scanner. For this reason, except for a 
measurement mirror, the components of interferometer systems are arranged on a rigid frame, a 
projection system is also firmly fixed to it, it may insulate from other components of this equipment 
dynamically, and the suspension of that frame may be carried out. Shortly, interferometer 
components are finnly combined without the disturbance to a projection system. 
The above-mentioned frame called a measurement frame is insulated dynamically, or there is no 
vibration, and since suspension is carried out to this equipment, the location of the interferometer 
components which exist in it is not influenced any longer by external force like the driving force of a 
substrate table and a mask table. 

D rawing 16 shows a step and scanning optical lithography equipment equipped with a measurement 
frame in diagram, Not only interferometer-systems ISW for a substrate but interferometer-systems 
ISM for measuring X of a mask and Y variation rates contains the equipment. Since these 
interferometer systems and the projection system PL are arranged on the measurement frame MF, 
these systems are related mutually, it is fixed firmly, and the image of the mask pattern which a 
projection system makes is combined with these interferometer systems, 

As described in the prologue, it has a focus error detection system, and if this equipment is equipped 
with the capacity type for measuring the height of a mask, or other sensors, it will also build these 
detection systems into this measurement frame. In the measurement mirrors Rl, W. and R3 of 
substrate interferometer systems, and W list, since the measurement mirrors Rl and r of mask 
interferometer systems are a part of substrate holder WH currently fixed firmly and mask holder 
MH, a substrate and a mask measure movement of a substrate and a mask directly by these systems, 
respectively. Therefore, these movements and the made mask pattern image are not influenced by 
movement of other components of this equipment like the actuator for adjusting the mutual location 
in alignment with the Z-axis of a substrate and a mask. 

The actuator for displacing a mask and a substrate in X and the direction of Y shows only the X 
actuators XAW and XAr of them with a rod to drawi ng 16 , and forms a part of actuator frame AF. 
By the dynamic isolators SU1, SU2, SU3, and SU4 in which this measurement frame is shown in 
graph, suspension is earned out to an actuator frame and this frame is dynamically isolated from the 
remainder of this equipment. The mask substrate table MT and WT is arranged on this actuator 
frame, A substrate table can realize the inclination of a substrate by having three Z actuators, 
showing two ZAW1 and ZAW2, and being able to adjust Z location of a substrate by [ the ] 
energizing three actuators equally by them, or energizing three actuators unequally by them, these 
movements are equipped with three Z actuators also for a mask table — if it becomes — a similar 
approach — a mask — also receiving — realizable — the actuator — two ZAri and ZAr2 are shown. 
The vertical position about the projection lens system of a substrate can be measured by compound 
substrate interferometer-systems ISW equipped with a Z measurement shaft according to this 
invention, Moreover, this equipment may be equipped with a focus error detection system as shown 
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in drawing 1 with components 40-46, It is controllable by approach by which a substrate is adjusted 
to right height or Z location in Z AKUACHUETA of a substrate table for the information which the 
Z measurement shaft and focus error detection system of this system ISW offer. 
Furthermore, it has the plate 163 firmly fixed to the lower part of a projection lens holder. As already 
described, the refiexibility bottom of this plate constitutes Z reflector for the Z measurement shafts 
of interferometer- systems ISW. The component of a focus error detection system or a focus, and a 
level detection system may be arranged to the top in this plate, 

The configuration equipped with a measurement frame and an actuator frame shown in drawing 16 
may be used also for the lithography equipment of the stepping mold which performs Z 
measurement according to this invention, Such equipment does not contain mask interferometer 
systems. 

If the strict requirements about rigidity and stability are not imposed on a measurement frame, it 
must not change, then the ingredient of this frame must have a very small coefficient of thermal 
expansion. However, these requirements may be eased if X of substrate interferometer systems and 
the mask interferometer systems by the case and the criteria mirror for Y measurement shafts are 
fixed to the holder or the measurement plate 163 of projection lens system PL, Interferometer 
systems and a projection lens system are combined optically, and mutual movement stops then, 
already influencing measured value. Two criteria mirrors 180 and 181 under a plate 163 show this 
facility to drawing 16 in graph, A criteria beam may be led to these criteria mirrors through a 
reflector from substrate interferometer systems. A criteria mirror may be fixed to the holder of a 
projection lens system also to mask interferometer systems. 

Also with lithography projection equipment without a measurement frame, probably, substrate 
interferometer systems and in order to acquire the same advantage for X and Y criteria mirror of ** 
mask interferometer systems, it should note fixing to the holder of a projection lens system clearly. 
Photolithography projection equipment equipped with the multiaxial interferometer systems which 
fixed the criteria mirror to the holder of a projection lens system is known in itself, and is indicated 
byPCTWO 97/33205. 

As already described in the prologue, if especially this invention is used for two or more substrate 
tables which move between the lighting systems in which a mask and a projection system exist, and 
lithography projection equipment equipped with one or more alignment stations which align a 
substrate about a substrate table in a list as shown in dr awing 1 and drawing 16 , it is very 
advantageous. Since a substrate holder is moved covering a comparatively large distance, it is not 
enough to use a focus error detection system or a focus, and a level detection system any longer, and 
another Z location of a substrate needs to be measured of such equipment. 

D rawing 17 shows the mechanical element of equipment equipped with two substrate holders in 
graph. This equipment is seen to a perpendicular Z direction, and contains the frame 301 containing 
the lighting unit 308 continuously equipped with a pointing device 303, the mask holder 307, and the 
radiation source 309. This pointing device 303 contains the 1st substrate holder 311 and the 2nd 
same substrate holder 313. The projection lens holder 305 is between a mask holder and a substrate 
holder. The substrate holders 311 and 313 spread at right angles to a Z direction, and contain the 1st 
and 2nd back faces 317 and 319 which can arrange the 1st substrate 320 and the 2nd substrate 321 
upwards, respectively. Respectively, a pointing device 303 reaches unit 323 the 1st variation rate, 
and the 1st and 2nd substrate holders 311 and 313 are movable by the unit 325 about a frame 301 in 
the 2nd direction parallel to the 1st direction parallel to the direction of X perpendicular to a Z 
direction, and the direction perpendicular to a Z direction and the direction of X in a list of Y the 2nd 
variation rate. 

The mask holder 307 has the directions side 327 which spreads at right angles to a Z direction, and 
can arrange a mask 329 on it. 

It arranges at the magazine which puts the substrate which must be illuminated into this equipment. 
From this magazine, a substrate is continuously introduced to an alignment station according to a 
conveyance device. The above-mentioned magazine and the conveyance device are known in itself, 
although not shown in drawing JL7 . 

The measurement unit 333 expresses this alignment station to drawing 17 in graph, and it is also 
being fixed to the frame 301. In the state of the equipment shown in drawing 17 , the 1st substrate 



http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/22/2007 



P$0G1-510577,A [DETAILED DESCRIPTION] 



Page 23 of 24 



holder 311 is in a lighting station, the 1st substrate 320 is illuminated through a mask 329 with the 
radiation which a lighting unit 308 gives off, and image formation is carried out by the projection 
system in a holder 305. Only the optical axis 331 of this projection system is shown, The 2nd 
substrate holder 313 is in an alignment station. The location of one or more alignment marks for the 
2nd substrate 321 prepared on this substrate holder is decided at this station about one or more 
corresponding alignment marks on this substrate holder by the unit 333, and this location is amended 
using a mechanical means (not shown). After the lighting of a substrate 320 finishes, the 1st 
substrate holder 311 is displaced from this lighting station to an alignment station with a pointing 
device. The 1st substrate 320 is moved from this station to the above-mentioned magazine according 
to the above-mentioned conveyance device. The 2nd substrate holder is moved from an alignment 
station to coincidence with a pointing device 303 at a lighting station. Since the 2nd substrate 321 is 
already correctly positioned about the 2nd substrate holder at the alignment station, only the location 
of one or more alignment marks of this substrate holder should be measured and amended at the 
lighting station about the mark to which a mask corresponds. This measurement and amendment are 
a comparatively easy process made quickly, Since difficulty and alignment which starts more as for 
time amount are performed [ rather than ] by the lighting and time amount juxtaposition of the 1st 
substrate about the substrate holder of the 2nd substrate at the alignment station, a lighting station 
can be used for maximum period lighting itself so that many substrates can be illuminated to per unit 
time amount. 

The principle and advantage of photolithography equipment equipped with two substrate tables are 
especially indicated by the English epitome of JP-A 57-183031 in EP-AG687957, and the example of 
such equipment is also illustrated by it. 

As described previously, the location of an alignment mark is fixed to the system of coordinates 
which interferometer systems form during alignment of a substrate. Both stations should be equipped 
with interferometer systems with lithography equipment including the alignment station other than a 
lighting station. Drawing..! 8 is the outline of the interferometric measurement performed about a 
substrate in the example to which this equipment was given at a lighting station and an alignment 
station, this drawing — X measurement mirror Rl and R '1 and Y measurement mirrors R2 and R' 2 
list — the Z measurement mirror R — 3 and 1R — 3 and 2R — '3, 1R' -- two substrate holders 31 1 and 
313 equipped with 3 and 2 are shown. The center section of drawing 18 is a cross section by XY flat 
surface, and the upper part is a cross section by XZ flat surface, and the left-hand section is a cross 
section by YZ flat surface, Reference numbers 350 and 360 express it of the measurement field of a 
lighting station, and an alignment station, two alphabetic characters and even figures come out, and 
each measurement shaft is shown. The first alphabetic character shows the direction of the 
measurement performed with a related measurement shaft (X, Y, or Z) ? and a figure shows the 
number of the measurement shaft of this direction, and it is shown whether the 2nd alphabetic 
character is performed at whether it measures at an alignment station (M) and a lighting station (E). 
In the example of drawing 1 8 , measurement is performed in accordance with 3 measurement shafts 
in both the direction of X, and the direction of Y, and two Z measurement is performed in a list. The 
same measurement is performed at both stations. However, it is possible to instead perform 
measurement of a different number and a different form at two stations. The number and form of the 
measurement performed at each station depend on the precision for which it asks, and the positional 
information for which it asks, 

In the case of the step to which a mask is moved synchronizing with a substrate, and scanning 
lithography equipment, it should measure correctly so that the variation rate of a mask may also 
compare a mask with the variation rate of a substrate in consideration of the scale factor which 
carries out image formation. It is the outline of the interferometric measurement which drawing_19 
performs about a mask at a lighting station for integrity. Drawing 19 is similar to drawing 18 , and 
shows three different cross sections. MA shows a mask again, it is MH about a mask holder, and MT 
shows a mask table. Reference characters PB show the rectangle cross section of the lighting beam 
in the field of this mask. This beam is moved in the direction of Y about a mask and a substrate 
during the lighting of IC field. The interferometer unit 370 includes two X measurement shafts XI 
and X2 so that not only X location of a mask but rotation of the circumference of the Z-axis can be 
measured. Including two Y measurement shafts Yl and Y2, as they show drawing 19 , these 
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interferometer systems may be connected with two separate interferometer units 381 and 382, or 
may be connected with one interferometer unit. Not only Y location but rotation of the 
circumference of the Z-axis can be measured with these two measurement shafts, Since a mask 
should just move in the direction of X for a while, it is enough, if it is not necessary to arrange a 
reflector to the side-face 390 whole of a mask holder and two small reflectors 391 and 392 are used 
for the field of a measurement shaft. As shown in this drawing, as for these reflectors, it is desirable 
that it is a corner cube reflector. 

if this invention is used for two substrate tables and a related substrate holder — very advantageous 
lithography equipment - the lighting station from an alignment station, and in order [ its ] to move 
conversely — two substrate tables — a revolving arm common to under this movement — fixing — 
these substrates — the 1st station — or you may enable it to also hang down common rotation to the 
2nd station However, in order to perform these movements, it is desirable to drive a substrate table 
separately, so that they may carry out rectilinear motion at XY flat surface. Drawin g 20 shows how 
the table (not shown) relevant to the substrate holder 311 and 313 lists moves about the lighting 
station 350 and the alignment station 360 in that case. Four different situations are shown in this 
drawing from the left by SIT1-SIT4 to the right. In SIT1, the substrate which has the substrate holder 
311 in a lighting station, and has it on this holder was illuminated, on the other hand, the substrate 
holder 313 is in an alignment station, and the substrate of this holder has aligned about this substrate 
holder. In SIT2, the lighting process and the alignment process were completed and it is separated 
from the station where two substrate holders are related. In SIT3, two substrate holders pass 
mutually, the substrate holder 31 1 is the middle of going to the alignment station 360, and the 
substrate holder 313 is the middle of going to the lighting station 350. In SIT4, after the substrate 
holder 313 is located in a lighting station, and can illuminate the substrate on it, and the substrate 
holder 311 demounts that substrate and forming a new substrate on the other hand, it is located in an 
alignment station, then this new substrate can be aligned about this holder. 
New interferometer systems were explained above with reference to the usage to the 
photolithography contraction equipment for manufacturing IC structure. However, this invention 
may be used also for the photolithography equipment for manufacturing other structures like the 
structure of guidance and the detection pattern of magnetic-domain memory, or a liquid crystal 
display panel in the structure for an integrated optics system, and a list. It is not scrupulous nothing, 
the problem which this invention solves may arise in other lithography equipments using radiations 
other than luminous radiation like an ion emission, electron emission, or X-ray emission, in order 
[ with contraction ] to carry out image formation of the mask pattern, then it can use this invention 
also for these lithography equipments. A projection image or a contiguity image is sufficient as an 
image, This invention can be used also for equipments other than lithography equipment like the 
equipment for very exact X, Y, and Z measurement used in order to inspect a mask. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/22/2007 



pif $P5 1 0577, A [DRAWINGS] 



Page 1 of li 



* NOTICES * 



0"FO and XNFXT are not responsible for any 
damages caused fcy the use of fcliis t:ra.nslst:ion , 

1 .This document has been translated by computer, So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DRAWINGS 




http : //www4 . ipd 1 . nc ip i . go .j p/cgi - bi n/tran_web_cgi_ejj e 



i/22/2007 



If IPG 1 -5 1 05 77, A [DRAWINGS] 




http://wmv4Jpdl.ncipi.go.jp/cgi-bin, / tran_web_cgi_ejje 



li|il||i3i0577,A [DRAWINGS] 



Page 3 16 



MH 





[Drawing 3] 




76 — — ^ 



R 




[Drawing 4] 



http ://www4.ipdl.ncipi . go jp/cgi -bin/tran_web_cgi_ejj e 1/22/2007 




Page 4 o f 1 6 



http://www4.ipdl.ncipi.go jp/^ 1/22/2007 



IF,2O0U510577,A [DRAWINGS] 



Page 5 of 16 



Z 



r 

100 



Y® — **x 




i i 



MAX, 



z,1, r 



161 



160 (R3) 




[Drawing 6 



A 



¥ 



X 



16 

I 



MAX.7 



7 



raggggSSoooocpoooooooooi 




8 



100 



MAX.2 
MAX.3 




\ 



LH 



163 



168 




165 n 



I 

160 (R3j WH 166 167 



MAXJ 



b 



2,2/ 




[Drawing 7] 



http://www4.ipdLnci.pi, go jp/cgi-bin/tran_web_cgi_ejje 



1/22/2007 



Jf ;i00^51Q577,A [DRAWINGS] 



Page 6 of 16 



f 




[Drawing 8] 



http://www4.ipdl. nc.ipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/22/2007 



ffp«~510577 5 A [DRAWINGS] 



P age 7 of 16 




http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 1/22/2007 



PiPl -51.0577, A [DRAWINGS] 



Page 8 



[Drawing 10] 



220 &20 




S 213 — : 0 



[Drawing 11] 



http ://www4 . ipdl .ncipi .go .jp/cgi-bin/tran_web_cgi_ejj e 



1/22/2007 



^2001-510577, A [DRAWINGS] 



Page9MlI 





[Drawing 12 ] 



http ://www4.ipdl .ncipi .go .j p/egi-biti/tranjweb_cgi__ejj e 



1/22/2007 



i|il|i^510577 ? A [DRAWINGS] 



Page 10 of 16 




[Drawing 14] 

itV -t" 



http ://www4 ,ipdl .ncipi . go j p/cgi-bin/ tran_web_cgi__ejj e 1 /22/2007 



1^,2001 -5 10577, A [DRAWINGS] 



ge I I of M 



sArl 

i 




[Dra wi ng 16] 



http://www4,ipd3.ncipi.gojp/cgi-bin/tran web_cgi ejje 1/22/2007 



Pp|01-51O577,A [DRAWINGS] 



Page 12 of 16 



Z 
4 



AF 





[Dra wing 17] 



http://www4.ipdl . ncipi .go .jp/cgi-biii/tran_web_.cgi„ejj e 



1/22/2007 



!!iPl#10577,A [DRAWINGS] 



Page 13 of 16 




Z 
4 



X 




[Dra wing 18] 



http://www4. ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/22/2007 



Pp3Qi-51Q577,A [DRAWINGS] 




[Drawin g 19] 



http ://www4 . ipdl . ncipi . go ,j p/cgi -bin/tran_web_cgi_ejj e 



PpG01-5iG577,A [DRAWINGS] 



Page 15 of 16 





[Drawing 20] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/22/2007 



Ji,2001-510577,A [DRAWINGS] 



Page 1 6 of 16 



350 31 







31 






360 313 





36 




sit 1 



sit 2 



sit 3 



Si 




20 



[Translation done.] 



■',-,-.v%-,V-,->.* 



http ://www4. ipd 1 .ncipi .go .jp/cgi-biiVtran web_cgi_ejj e 



1/22/2007 



(19) H*H«rfF/r (JP) 02) ^ §f| if*f HF ^ $S Ul)»ffffiWii*S*» 

#^2001-510577 
(P2001-510577A) 

(43}&SB ¥^13^ 7 ^31 B (2001. 7.3!) 

fi f^3-r(##) 

G 0 1 B 9/02 

G 0 3 F 7/20 5 2 1 

HO IL 21/30 5 0 2 A 



(5i) intci. 7 s&mn 

G 0 1 B 9/02 

G 0 3 F 7/20 5 2 1 
H01L 21/027 



(21) ffiJUifr^ 

(87) mm&m b 

DE, DIC, ES, 



g^l 1-529903 
¥^10^pl 1 ^ 27 B (1993. 11 . 27) 
¥J*1 1^ 7 ^ 30 H (1999. 7. 30) 
PCT/EP 9 8/0 7 6 7 0 
WO 9 9/2 8 7 9 0 

1^6^100 {1999. 6. 10) 
97203771. 7 
¥J*9*P12E 2 0(1997. 12,2) 
3 — Py/WffJf (EP) 
E P (AT, BE, CH, CY, 
F I , FR, GB ( OR, IE, 
L, PT, SE), J P, KR 



(71) [±SaA X^fXXXA Uh^77^- <XP- 

mo 

^s— if, Th^X 7 

(72) 38W* Xh?— fX/k ?Vif*f>&~ 

(74) f^Jl A a« m 



(57) [g 

* (wh) ±teffi«bfcx*j;r;/*fcttYW3e5^ 

K (MAX, 1> MAX, 2, MAX, 3, MAX, 

4, max, 5) %m*t%, m^mm^^A^mm 

Jt»l:2:(0*#li:SfLtzil*5?- (r' 

R ' «) , *sJ:tf ZSJt» (1 6 4, 1 8 8) <h 
<5> £&-~:3£>Z|^f$ (MAX, 7, MAX, 




CO 

CD 



(2) 



2001-510577 



VnfocDfrfr SEH L fc X 43 Y S'J S^7H:J:ot iMSi" % fc *6 Of £tfi 

imccn^ s ^ - ^s*f Lftm^- a &*saB^«*§ ic m& 
c £7)»)4->/i/^j:^ x y ^mcmn icttm ttt z sy^ 3 ^-ic ^ o 

3 ^ - ^ X 3= ti Y 3 - <D*S*Wc £ o T«f/£-f 3 c h £ *T & */ X 
±85 Z ifliJ £ M - A £ [1 ST S S^? tr-AfflS^^^-^r, ±E Z pj tE 



(3) 



FfB. 2001-510577 



x o s n±E*w«^^ia]» ens ±ta z ass tf-A^M^swf s 

, Z Mettle in tt> S^MasSiJ^tt^tTJl t&ftWLt-tZis 



10. vx^^*->*»«±k:«5SLa» i r*fc«>toaiBK«"e»oT, jsk 



(4) 



W m 2 0 0 1 -5 1 0 5 7 7 



(5) 2 0 0 1 - 510 5 7 7 

^m\' is 7s f A & <fc tf^<0 £ 5 & :> Xf - A %^t$ U V y Y -SIB 

% s t <omW<D * ;b EH L ft X *5 J; tf Y 8(ffi ^ -y — &c <fc o T rffl^T § ft » <£> 
TSStf-^-rA"?. ffl»<D»J5£fc!>-A*«£U ±K»J3£lf--A«:iL<DX Yfffi 
*F?t 1? Ctlb 0$j;<£ 5 v—^xfe J: Xj^t ft b £ ft* tf § ^^^WJ^tt^fa o T [r] 

m~f£a c commit s Xf7/^ ft tix-r y rfT yFx^fttt^i\ 

s c <d ft & ic mm -r § ijw >e \£ - a o± £ — grr & &g ^ % ^ \ 

Mte tT- A* C OS/XrA*a LT 2 SjM D , CI Ofe#tC c fc o TJ5 > iBj 2 

CO If - A CD i ffigLCD m ffi H "T 3 0 

EP- A 0498499*4, 5 Slt^^fi* ^cDJ: ^yXf 

©Ife^tfvx^^Sv^cHUT, $j;Ui, X Y Zffi«»©XSfcttY;£iSik: 
lit, ~fiC(D&U$ilo& tfvx -> Ste X Y W^WtT^^o 
c cota»^B s IMStEIft^Slifi'r 3 ft a6 k: v x * > ^ J: tf&tkRrg 1 



(6) 



tc US L T If « £c IE St £ BBS L ft ft tf ft 6 * ^ e 

- £tE f-^l/Olli, -T ft t) IS Sfi * ;b ^ 43 £ tf'S® © # lES* £ 5I$£ 



ss^offia * iris J- fx a e n i> ste*r - wb t-?*^> xta ; 



ftOS I ^ £ ®J ft t$ tfcJ-T § fc#>£MiJ tl^Hi f X x ft to IS JSRj£l&H± 

*3 £ t»J<¥^ ffl^Xfi. T fcH ^ X TA^t^o 



@lE0z*S'JS"e*ao EP--A049849 9 tc J;8f *lb>Xxi*0£KIW 
|e] (E^ijffc: IEM tc BiJaET? * £ /c «■ T? ft < , X tt m *) (DM n 0 x 4o J: t>' Y HiJH 

§c^^<, ^mtclEStfcffifMT^^o tot, a**{!aW^Sfc»lc&Bft8$ 
Bflfc^ftOJEIBTSSo 

s:^^o#i^^sffi^DS t - a u ft ttntf ft ^ ft I \ bp^, mm<Dziimt 



(7) 



2001-510577 



s v > jc m l rikfcmc eb -e * * /£ w- t a < , 7 -r f « i-c +#ie« ic i> beb 
a 5 S¥JH f e» t> a« ? * - & f &c .is & l & w- n ^fio^n t* a 7- - 7 



TAtf Z U Z i9J3t£— A«:fE£ LMo±Ki»J£lf- A£rC ^ Z S'J£ 

O^f*^ Z fiBJi 0 coif «*^ty<i^t SESST S fc&O Z JatbSg^fiS*. S c t * 
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^ v - o ffi s ^ (Dzm^— L*<DWm<D^— (D m & & n i£^i\ fnt% ¥^ 
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ccr)=f^ it y 7, fAcit z sm ^ tr — a £ m mt %> mm h : — a &c su os* ^ 
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^A*IB*^ *H*SffF8S4. 7 3 7, 2 8 3^t 3 fr>Xf A*iaSLTV 
&o H1*C* *^<fc5&T*WS'XxivSrJR : ?5 0, 5K 5 2 £5 j: l? 5 3 £ 

^frfU-lf^m-rif-A b^tT-A^U v$ 5 1 &c£oTM£ti~A bo i: 
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& ck tf AM? K IS 5 ntv S o £ft 6 ©Mi &*j tc ^ jf "T &S*£S8aT£/c:#> 



(19) 
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13/ S ft i± ra#JLT»<^T^5 <>f -3 ^ #»( BTSSo 

Xs-MXr = 0 (1) 
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n60H-At\ MM AX, 1 fc^MAX, 2(0— OtCfcSfi^fflflt^S, 
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2T?Mt^~>* Mi, 2*0»J£fcf>-A*M AX. 4 45cfctfMAX, S^got 
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lltiluu aSKlMAX, 1 fcWMAX, 2&, Z #fnl leffffiU — 
laMAX, Hi:, ifiMAX, 2 (cBD IT Y;£|S]fc: Stiff EK* PJ^ 
iMAX, I, MAX, 2fc^tfMAX, 4 tt, T 7 y^(ORMtf*/J^, M ! 1/£L 
fc X *s <fc tf Y mti &m&<D ^ BgtO^ffi «iffifc: 3? L ^ J: 5 £ , fcH S 

Tte, EP — A 048949 9»IU S Tic C * lc«ffl-r5 0 

SS<0 Z ffiH t> C <OTi$ft ^> XrA T^ij^T % £ 0 CO Ziffle, _hffi<0^/&£r 

■ewatfctti xfAi fc & gL&£*r & £ rj^W-^tti x J- A £ s z Ste**fi 5 
. £ & ^ ft fc: B £ SI to & & T & ^ ft] ft & o 
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hioo^isa^ con.- ^ ko*t, mm<Dm 2 c&mfe^ 

-A^tt^o 

t> ft o T*fr "T € £ o 
@&C^L^a\ Ifd^U d 0) If— A# Z K&J§g'\<D*lB£: 2 jg^ £ % 6 te\ 

bi 7 tc^-r £ 5 tc , me u y.x^ p l ^o±i a a • ^ z s*rs 1 e s <rm^m 
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^Sfrfc5Btl&V\> £>U MAX, 8 iffl^fllft/rfa ZiatetCjjO^T, MAX, 

se*;^^ z»js^^— hx*«fctf y«ijs^9— 

EI8&, —OOZa'JS^— Ra*5«fctfR4«v*-JgBJR 1 9 K i 9 2_hfc:B2 
■ Lfc, T^ttv'XxA^^i^^o iBSS5^— IC&E&Wtf 

8 T'SS^;^W H _Bc MAX. 4 fe«fcCJFM A X, 5 £BlLfcXstfy Mi, 
iSiMAX, 4WtfMAX ( 5fCjM?i^3TPSt^— ^ b 1 5 0 4 ) CD 

mis. ^-~i^m^jv^(D c commicnm Ltc x mm 5 ^-icxm-?%>mwT*& 

m 8 X\ ZS'j^$fiMAX, 7 $5&XfMAX t 8 frcM*IU Xi^^7-i 9 0 
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olg£la x 75" [p] ic f t T* & a □ vx^M^-y^Sffi^o I c ;7^r-;l/ 

ii^5»tB^^M0 : ^Hii'raZiBiJS(lJlM AX, 7, MAX. 8fe«ttfMAX 
3^T«^raOT\ ffil 6 3 0S*HtT«K S^Z»j5©M*^ SS^Zfilk: 

o t ^ r w-e * < * x $a & £ t; y « jh d <z># t> t# s ©J n k o ^ t t t? 

lOO^fo r oa- 7 hit IMlS^-AX7U 7 ^ 2 0 K 
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-&7UXa2 0 8*5<fctf— i 3, 2 1 5 ^tt?o ~0£>fi»«tt, 
H 4 TJ$ft^~ 7 h 1 0 0 <Dm 9 5 JCSEH LT h <fcv\, C <DTW9fZL— v 

Hi, ^fn^VvSiT^^o ^MvClf-i* b 20 M-v^U-f^ hxmMrf 
US-A 5, 4 8 5, 2 7 2 (PHN 1 4 , 7 0 2) fcffittSnT^ 
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b 20 ,« Ab 2 o.r tC^WSo *?— Abzo.. *atfi*Vl/^toa"J^S^— R 

I'xiiU fMlPx.i TL^^7-icJ;oTg|it§o 2 ailiiir^S^ffljAge- 
i^ofD^r^^rA^^-A A b2o ^I^ft^M IT 9 0° mizTtzzt* 

■J Xl±oyffi<OW% KWim 2 0 B'NEStrSo C<oyyXAtf£l*Lfc£— A*jR 
^T*^ffi 2 0 2 <£ o TS» L, If —A b ' 2o,« £ ITSt/ilK ^ 5- R 

. AA^Wtf A / 4 * 2 0 342SI^ ^OfflJtS'lSltfStf 9 0 ° 0*5 

U iSB2 0 2^I§o fci—Ab' 2o, m tt. i^T7UXA>'XrA2 0 8ic 

iS^m§§2 1 3K:srrso 

m^M2 0 2^J5ML/c:S^e— Abzo.r teu A/4fi2 0 4%lD, SVE 

ttf^H-Abao.r <DM?6Jj$1&, 9 0° 0$*U C CO fcT- AtfSMESHB 2 0 
6 -\§To CO^^^tUfctf— Ab' 2o : r «r»qStT— A£ LTBlfS*PK*t 

E?"&o COfMil &^COt:-A*^;XAi/XfA2 0 8^\gliU 
^CDt§!2 0 9^LlC0t£--Ab' 20 ,r ^S§g2 i 3^,.g*t*T^o WttZ 1 2(D 
fi^fnjk^ l£ — Ah' 20., fecfctfb' 20. r ^~0©fflSlCfiit&«>K#raiCit 

lt4 5° (D^mc^^o co-M-yt^mmir^cn^o^—Ls 
»a±tt, ^wt§2 i 3u:x»^*w*e--Ai3±tf**e--AtfiitRWi*5 
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fi^- s 2i3 ^^^x^ffiis$a/c^^^o 0 [Hic^ebT, s*s»a 2 0 5 cd^ 

az^ft^-^Tfei^ttSo CM, §1 1 xaiJSSrfir^ffiBPx.i (Px.2) 

«fc Dau^if— Ab' 20.. B^tfs^e-Ab' 2o.r ^n^n, &tU^ 

Wg§2 0 5'\Jg§f^£o tf — b21.« *5<fctf b 2 l.r ^§SSt If — 2*b20,« 

fcf— Ab' 21.. ficfctfb' zi. r i:LT^d-jS®*S!i^^^-Ri43cfct> v S^S 
*tgg 2 0 5 c i: SrfilfiW % , » 2 S»S*tS§ 2 0 7 fctatt & <otf# $ U ^ 

nfcW^tr— Ab 1 2i.- fc<fctfHi(stf— Ab' zi. r #»2*fcffi«2 1 5ICSU 
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